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/ INFORMATION 



FOR 



MCI STVOeNtS 

Velcome to the Marine Corprtnstitute training program. Your interest in 
self-improvem^t and indreaseii professional competence is commendable. 

Inf.ormation is provided Ijelow to as'sist you in completing th# course. 
Please Vfead this guidance before proceeding wfth your studies. 

.1. MATERIALS 

4 

Check your course materials. You s'hould have all. the materiaH-s listed in 
the "Course Introduction." In addition you should have ar> envelope to mail 
your review lesson back to MCI for grading unless your review lesson answer 
sheet is of the self-mailing type. If your answer sheet -is the pre-printed 
type, check to see that your name,. rank, and social security number are 
correct. Check closely, your MCI records are kept. on a computer and aay 
discrepancy in the above information may cause your subsequent activity to go 
unrecorded. You may correct the information directly on the an^wgr sheet. ^ If 
you did not receive all your materials, notify your training NCO. If you are 
not attached to a Marine Corps unit, request thenf through the Hotline (autovpn 
288-4175 or commercial 202-433-4175). » v 

2. LESSON SUBMISSION 

« 

The self -graded exercises contained in your course afe not to be return^d* 
to MCI. Only the completed review lesson answer sheet should be mailed to ^ 
MCI. The answer s^eet is to be completed andvuailed only after you have 
^ finished all' of the* study units in the course booklet . The review lesson has 
been designed to prepare you for the final examination. 

It is important that you provide the required information at the bottoiti of 
your review lesson answer sheet if it does not have your name and address ' 
printed on it^ In courses In which' the work is submitted on blank paper/or ^ 
printed forms, identify each sheet in the following manner> 

POE, John J. Sgt 332-11-9999 
08. 4g, Forward Observation 

Review Lesson ^ ♦ 

Mil1|ary*or office address 5 

(RUC^humber, if available) , ^ ^ 

Submit your review lesson on the answer^^heet and/or form^.provided. 
Complete all blocks and'^follow the di recti oos on the answer siteet for 
maili-ng. Otherwise, your answer sheet may be delayed or lost. If you havfe to 
interrupt your studies for any reason and find that you Cannot .complete your 
course in one year, Vou may request a single six mdnth^^ension by contacting 
your training NCO, at least one month pHor to your course' compl eti on deadline 
J date. If you are not attached to a Marine Corps unit you may make this , 

^ request by letter. Your commanding officer is, notified monthly of your status 

through the mbntlily Unit Activity Report. In. the §vent of difficulty, contact 
. your training NCO or MCI immediately. 
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3. MAIL-TIME DELAY , . 

Presented below are the mai 1 -time delays that you may experience between 
the mailing of your review lesson and its return to you*. 



' EAST- COAST 
WEST COAST 
FPO NEW YORK 
FPO SAN FRANCISCO 



TURNAROUND 
MAIL TIME 

R — 

16 

18,. 

22 



MCI PROCESSING 
. TIM^ 

5 

' 5 



TOTAL NUMBER , 
, DAYS 

TT. — 

21 

f\ 23 
^ 27 



You may also experience a short del «iy, in receiving your final examination 
due to administrative screening required* a MCI . 



4: GRADING 


SYSTEM 


LESSONS 


GRADE 


PERCENT 


A- 


94-100 


BU ' 


86-93 


C 


78-35 


D - • 


70-77 


NL 


BELOW 70 






You will 


receive 



EXAMS 



MEANING 

EXCELLENT 
ABOVE AVERAGE 
AVERAGE ^ 
BELOW AVERAdl. 
FAILING 



GRADE 

f 

A 
B 

C 
D 
F 



PERCENT 

— — - — J—, 

94-100 
86-93 
78-85 
65-77 
BEJ.OW 65 



final examination-, A review lessor which receives a score below 70 is given a 
grade of NL (no lesson). It must be resubmitted and PASSED before you will 
receive an examination. The grade attained oh the final exam is your course 
^rade, unless/^ou fail your first exam. Those who fail their first exam will 
be s^nt an alternate exam in which the highest grade possible is 6§%. Failure 
of the alternate will result in failure of the course. 

5. f INAL EXAMINATION . ' ^ . ' ' 

ACTIVE -DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination 
ilfill be mailed automatically to your "commanding officer. The administration 
of MCI final examinations must be supervised by a* commissioned or warrant 
officer or a staff NCO. * ' 

OTHER PERSONNEL: Your examination rtay be administered and^pervised by 
your supervisor.. * • f 



6. COMPLETION CERTIFICATE ^ 

The completion certificate will be mailed to your commanding officer and. 
your official records will be updated automatically. For non Marines,, your 
completion certificate is mal led -t.o you/ supervisor. 



7. RESERVE RETIREMENT CREDITS 

Reserve retirement credits are awarded to inactive duty personnel bnly. 
Credits awarded for each course ai'e listed In the "Course Introduction:" 
Credits are only awarded upon successful- completion of thfe course. ReseVve 
retirement credits are not awarded for'^MCI study' per formAd during drill 
periods if credits are -also awarded for drill attendance.' * ^ 



8; DISENROLLMENT 




Only your commanding officer can request your disenrol Iment from an MCI 
course. However, an automatic disenrollment occurs if the course is not. 
completed (including the final exam) by the time you reach the CCD (course 
completion deadline) or the ACCD (adjustcfiKtijurse' comifletion deadline) date. 
ThiS|action will adversely affect the j^it 's C^»«iietion Mte. 

9. ASSISTANCE 

Consult you^ training NCO if you have' questions concerning course 
content. Should he/she be unable to assist' you, MCI is ready to help you 
whenever you need it. Please u^e the Student Course Content Assistance 
Request*Form "(ISD-1) attached to the end of your course booklet j)r call one of 
the AUTOVON telephone numbers listed below for the appropriate course writer 
section. . , 

PERSONNEb/ADMINISTRATION / 
' COMMUNICATIONS/ELECTRONICS/AVIATION 

NBC/ INTELLIGENCE • i ' 

INFANTRY v ^ 

ENGINEER/MOTOR TRANSPORT 

SUPPLY/FOOD SERVICES/FISCAL 
■ TANKS/ARTILLERY/ INFANTRY WEAPONS REPAIR ' ■ 

■ , LOGISTICS/EMBARKATION/MAINTENANCE MANAGEMENT/ 

ASSAULT AMPHIBIAN VEHICLES 288-2290 

For administrative problems use the UAR or call the MCI HOTLINE: 288-4175. 

For commercial phone lines, uSe area code 202 and prefix 433 instead of 
288. ' 



288-3259 

288-3604 
288-3611 
288-2275 
288-2285 



U.S. (WVBFHMHfT PRINTING Ol'riCE n9i4 O - 432-363 



PREFACE ■ * > 

FUNDAMENTALS OF DIESEL 'ENGINES -hM t>een designed to provl de" engineer equipment 
-lifechanics. MOS 1341, sergeants and belbw, with,« source of study n»ter1«l on Jje basic v 
' fundamewtaU of d^esel engines. The course will Alsrf b^^beneflclal t;o those Mar nes n 
» occupational fields IT, 18, 21. and 35 whose Jobsfequlre them to work closely with diese « 
'engines. FUNDAMENTALS OF. DIESEL ENGINES provl des 'broa'd coverage on dieSel engine pr^ncl pies , 
. pur posesTidv stages, disadvantages, engine coMtructlon fyel Injection, confcustion, and 
Controfling the^engine. . ' 




NAVEOTRA Dl<se1 Engines ; 197» ... 

TM 9-8000/T036A-1-76 ' PVinciplcs Wlaiatonptlve Vefiiclas . Jan 1956 
TM-2015-15/1 ' V -71 Detroit Diesrt ^Eng ines , I9/Z>^ • 
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FDNOAMENTALS OF DIESEL ENGINES 



• 'i 

purpo^ 



COURSE INTRODUCTION 



The purpdi'e of this' text Is^o siirve as a source of information, and a- training aid for 
^chanics working on internal -coinbus lion engines of the diesel design. The course ii5, designed 
to present an* uncluttered view of just the' f undanientals of diesel ^ngines, i .e. , . engine* * 
constrruction, diesel engine principles, engine performance, engine mechanics, structural 
engine parts', injecting the fuel, burring the fue]> and controlling the engine. ' Engine 
systems and auxiliaries are covered in other courses offered by MCI. A sound understandingff 
the fundamentals of diesel engines wiTl enable the mechanic working on diesel engines to 
understand; diesel malfunctions and inadequate performance. 

■ The diesel engine bears, the name of Or. Rudolph Oiesel^ a Genrtan engineer. He Is 
credited with constructing the first successful diesel engine using liquid, fuel in 1897. His 
objective was an engine with greater fuel economy than the steam engine which used only a 
small percentage of the energy contained in the coal burned under its boilers. Dr. Diesel 
o/Sginilly planned to use pulverized coal as fuel, but hU first experimental engine in 1893^ 
was a failure. After a second engine also failed, he c|^nged his plan and used liquid fuel/ 
The engine then proved successful , a * 

' " . ■ »■ 

The first diesel'engines were low-speed, low-pressure heavy engines. T^e first steps 
of development wer<: (a) to increase the power for .a given bor^ and stroke by raising the 
operating speed thus gettinsT^iore power strokes per minute, and (b) to^raise the- gas pressure 
in the cylinders iaside by improving tije combustion. This was accomplished by obtainingija 
better 'utilization of the air inside of the cylinder. The next step was to reduc? f^e weight 
of the engines by a more careful 4ise of matef'ials. Unnecessary freight was avoided where 
possible, ^tlaterlals of higher strength for a given weight were used both in. stationary and 
moving parts; for example, using high-grad^ alloys instead «of cast-iron for exhaust valves, 
aluminum allocs instead of cast-irpn for framework, and nickel cast-iron for cylinder liners. 
Particular attention had to be paid to lightening the reciprocating parts' in order to reduce 
the undesirable .forces of inertia as the engine speeds were gradually being increased. 
Another step was' changing thie engine shape to get more power for the same overall bulk. This 
was done by shortening the engines. Either a V-type cylinder. arrangement was used or the 
cylinders were crowded together by using an X^type arrangement with a vertical shaft and 
several banks of cylinder rows as seen in the pancake engine. 




s, Early diesel engine. 

■ ^ The last step was supercharging, ije», increasing the amount of , air taken in which . 
permits an increase in the amount of fuel turned in the engine thus" raising the useful 
pressure apd the horsepower developed. While present diesel engines are tremendously improved 
as compared wHth diesel engines built 20 and even 10 years ago, further progress undoubtedly 
will take place. The probable prOceduA wiU be a further increase in the engine^sp^ed and 
the obtaining of more efficient combusVron. However, improvements become more and more 
difficult because the^ present engines have almost reached the safe limits of high temperatures 
and stresses in many of their parts. ^ 

In the Marine Corps, die$*el engines are used in a variety of applications. 'They come 
in all sizes from the small 2-cylinder diesel generator set to the 2v%» 6-» 8-, and 
12-cylinder in-line and V-type engines found in construction equlpmeitV motor transport, 
equipAlent, amtracs, and tanks. HorsepoHer ratings range from the 10-horsepower engine in the 
small 5 kw generator sets to the 750-horsepower engine^ in the M60 tank. • » ' 



A thorough understanding of the fundamentals of Internal -K:ombust Ion engines as 
presented In this course Is Jmportant or several reasons. First, ft Is essential for an 
understanding of the operation of various engines and the functions of the different parts. . 
It Is much easier for a person to do something properly when he understands the reasoning 
behind It. The understanding of th* fundamenta-ls underlying the operatton of different engine 
parts helps to prevent undesirable operating conditions and thus reduces maintenance 
problems. A proper understanding of the fundamentals helps to so)^e nA^ problems of operation 
and maintenance and suggests how to meet new conditions of operation. Furthermore, a good 
understanding of the fundamentals will he,lp in dealing with an^ engine of a new ^ype or a n«w 
design, since the basic-principles for all engines are the same* The different sh^ipe of a 
certain engine p^rt will not xonf use a*^ person Who unijerstands the purpose and operating 
conditions of that pirt or piece of auxiliary equipment. In case^ypu, as a diesel mechanic, 
have to use a helper who has not received diesel engine training or have to teach a man to 
take yoiJT^place In an emergency, a. thorough understanding pf the fundamentals will be 
invaluable* When the new man asks why^ you will be able ytb answer. At the same time,' It is 
well to remen^ber that studying frdm a book* Is not enough^ regardless of how good the book may 
be. It takes several yelrs of Npractical experience in operating and servicing .d1ese;l engines 
of various . types to become a real diesel mechanic, . ' 
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FUNDWENTALS OF DIESfL SftciNESf 

AOMINIStRATIVE INFORMATION 
ORDER OF STUDIES 




Stu:(ly Unit- 
Nunter 


Stuflly 
Hours 




Subject >btter 




1 


3' 




9asic Principles^ 




2 . 


3 


« 


Principles, Mechanics, and'Perfo 




3 

f 


4 




Injection and Control 






. 2 
2 

1 1 




REVIEW LESSON 
^INAL EXAMINATION 



ice 



^ RESERVE RETIREflENT 
CREDITS:' 

COLLEGE CREDITS: 

■ ■ ' f • 

EXAMINATION:'^ 
, "MATER IAL5: 



< 



RETURN OF 
MATERIALS: 



American Council on Education (ACE) has awarded 13.35a, ' 
FUNDAMEN TALS OF DIESEL ENGINES . 3 semester hours in Fundamentals of 
Diesel Engines lit the Vocatiopal Certificate Category. 

Supervised final examination without textbook or notes; time limit 
2 hours. . . ■ 

■ ■ ' . J- 

MCI 13.35a, Fundamen tals of Diesel Engines. Review lesson and 
answer sheet. 



STUDENTS who successfully complete this course are permitted to 
keep the course materials. ^ 

V / Students disenrolled for inactivity or at the request of their 
1 f 'commanding officers will "return all course materials. 



HOW TO TAKE THIS COURSE 

' y - ■ ■ 

>^ This course contains three stu(l)^ units. Each stuc|y unit begins with- a general 
objective that is a staten^ent of v*iat you should learn from the study unit. The study units 
are divided into nunfcered 'work units, each presenting one or more specific objectives. Read 
the objective(s) and then the work unit text. -At the end of the work unit text are questions 
that you should be able to answer »*ithout referring to. the text of the work'unjt. After 
answering the questians, check youfW answers with those listed i% the en'd of the ytudy. unit. 
If you Wss any of the questions //ou should restu<(y the text of the work unit until you 
understand^e correct responses. Mien you have mastered one study unit, move on 'to the 
n^^. Aft*F^you have completed all of the stuflly units, complete the review lesson and take it 
to your training officer or NCO for mailing to MCI. MCI will mail the final examination to 
your training officer or NCO when you pass the review lesson. 
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MMUNEtORPS INSnTUTE 



Welcome to the Marine Corps 
Instltutf correspondence training pro- 
grami ^By ertrolllng In thls^ cours^ ypu 
^have 8ho>vn a desire t<j tmprove'the ^ 
skills, you need for effective' job perfor- 
mance, and MCI has provided materials 
to help yoq achieve yonr goal. Now ©11 
jjrou need is to develop your OHHtfeethod 
for uslnlf tHwe materials lo best advan- , 
tage. 

The following gaideTlnes present 
a four-part approach to completing ybur 
MCI course successfully: 

1. M^ke a. reconnaissance*' of 
Vour materials; 

• " • \ ' 

* 2, Plan your study lime and chooso 
a good study etivironitient; 

3. Stud}r thoroughly and system- 
atically; 



4, Prepare for- the final exam 



MAKE A "RECON^ 
YOUR MATERTAFJS 




ANCE" OK 



Begin wilh a look #t ftie course 
Introduction page. Read the COURSE 
INTROOrCTlON to get the "big piciune" 
of the course. Then read the MATERIALS 
section near the boltonrof iho page to 
find out \Chich text(s) and study aids you 
'^should have received with thfe coilrse. 
If any of the listed niatei*ials are miss- 
ing;, see Information for MC:i St udents 
to find out how to get them. If yoii have 
everything that is listed, you are rendy 
to "recon»ioiter*' your MCI course. 



s 

T 
U 
D 
Y 

G 
U 
I 

E 




Read through the table(a) of con- 
tents of your tex't(8K Note the various 
subjects covered In the course and th^ 
order In which they are taught« Eeaf 
through the text(s) and look at the illus* 



trations. Read a few work^unit c^uee- 
tions to get an Idei, of the types that, are 
asked. If MCI prov|^s other study 
aids, sucf) as a glide rule' or a plotting 
board, familiarize yourself witli ttiem. 
Now, get down to specifics ^ 

JI. PLAN YOUR STL£)Y TIME AND ^ 

CH005E A GOOD STUDY ENVIRON- 
MENT . ' ^ . 

r * ' _ , ^ 

From lqt)kitig over the course 
materials, you should have some idea 
of how much study you will need to com- 
plete this course. Bwt "some idea" Is 
not enough. You need to work up a 
personal s^tudy plan; the following steps 
should give you some help. 

(a) G^l 5 calendar and mark thc|^e 
or the week when you have limeV 



days 

fi ee for study^ Two'Study periods per 
week, each lasting 1 to 3 hours, arc 
suggested for completing the nj,iiilmum • 
two study uniis reqviii ed each month by 
yiCL Of cours<\ work and oth<"r 
schedules ai e not the same^for ev4^ryone, 
^The inip(>rtant Ihingk 1% thai you schedule 
'a regular time for ^udy on the some 



days of each w eek. 




1^ Read the courS(» ^itroductioii 
page again. The section marlsod ORDER 
or STUDIES tells you the nunjiier of 
study units in the course and the appro.\^ 
imate number of study hours you will 
need to complete each study unit. Plug 
these study hours intp your schedule^ 
For example, if you set aside two 2-hour 
study periods each w eek and 'the ORDER 
or Studies estimates 2 study hours for 
your first litudy unit, .jjou-could easily 
schedule aivd complete the firsi study 
unit in one study periods On your calen- 
dar you would mark **Study Unit l'* on the 
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approprlftU diny, Supp^fe th^t th^ 
•eootid ttudy unit of your course re- 
quires 3 study >ours. In that gm^, you 
would divide the study unit In half and 
work on each half during a separate 
•tudy period. You would mark your ^ 
calendar ac<<6rdlngly. Indicate on your 
calendar exactly when you plan to work 
on eachsStudy unit for the entire coura^e. 
Do not forgat to schedule one or twcj^ 
study periods to prepare for the fin^l 
exam, ' 

(c) Stick to your schedule. ' - v 

Besides planning your study 
time, you should alio choosa a study ^ 

environment that is right for you. Most 
people need a quiet place for study, ^Ike 
a library or a reading lounge; other 
people flitudytjf Her where .there is back- 
ground music;" still others prefer to study 
out-of-doors. You musl choos-e your 
study environment carefully so that it 
nts your individual needs, ^ 

IIL STl'DY TM0R0L:GHKY .WD 
SYSTEMATICALLY 

Armed with a workable schedule 
and situated in a gc^d study tin irqnment 
you are now ready to attack your course 
study unit by study unit* «To»b«gln, turn 
to the first page of study unit !• On this , 
page you .will find the study unit objective^ 
a statement of what you should be able to 
do after conipletlng the study junlt* 

DO NOT begin by reading the 
work unit questions ^nd flipping through 
the text foi; answers. If you do so, 
you will prepare to fail, not pass, the 
final e\-am. Instead, proceed as* fol- 
lows: 

^ Read the objective for the 
first work unit and then read tl)e work 
unit text carefully. Make notes on 
the ideas you feel are important, 

(b) Without referr^fig to ih^text, 
answer the questions at the end of the 
work unit. ^ 

[Cj Check your answers against 
the cqrrect ones listed at thp end of 
thf? study unit. ■ 

, If you miss any of the questions, 

restudy the work unit until you understand 
the correct response, 

(e) Go on to the nejj^ work unit and re- 
peat steps (2) through (d) until you have com- 
pleted all the work units In the study unit. 

. • ^ I 



Fqllow the iame procedure for each 
itudy unit of the court e. If you have 
problem* with the text or work unit questionA 
that you cannot aolv^ on your own, ask 
your aectlon OIC or NCOlC for help'. If 
he cannot aid you. requoit jDifllstancc from 
MCI on the Student Course Content A^ala- , W 
tance Request Included with this course. .J ^ 

When, you have finished all the <ti?dy 
units, complste tht courte review lesson, 
^ry to at^awer each question without m »W of 
reference mateHals. However;^ If you do nt>t 
know an a<»swer, look it up. When you have 
finished the lesson, take It to your training 
officer or NCO for mailing to MCI. MCI 
will grAde it and send you a feedback she«t 
listlhg course reference* for any queptl«»»s 
t^at ypu miss, " ^ 

IV. PREP ARK FOR THE KINAI- EXAM 




How do you prepai d for the final 
exam*' I'ollow those four steps: 
♦ ( 

(a) Heviow each study unit objective 
as a sunmiary of what' was taught in the 
course. 

(B)BVread all portlorrs of the text 
.that you found particularly difficult. 

(c)Hevlt'W all tho work unil questions, 
paylngspcciul uHft^iion to those you missed 
tl^e first time around, ' ^ 

(3) jStudy the course review \ 
lesson, pitying particular attention ^ 
to the questions you missed « 

If you folldw these simple 
i»tep8g you should do well on the 
final. GOOD LUCK! 
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STUDY UNIT 1 



. BASIC PRINCIPLES 

.STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE BASIC 
PRINCIPLESJJF THE DIESEL ENGINE. IN ADDITION, YOU WILL IDENTIFY THE DIFFERENCES 
BETWEEN GASOLINE AND DIESEL ENGINES. LASTLY, YOU WILL IDENTIFY THE BASIC 
COMPONENTS. OF THE DIESEL ENGINE. • 

Work Unit 1-1. BASIC PRINCIPLES OF THE DIESEL ENGINE > 

DESCRIBE THE OPERATION OF THE INTERNAL COMBUSTION ENGINE. 

0 

LIST THE MAJOR ADVANTAGES OF THE DIE^SEL ENGINE. , ' 

LIST THE MAJOR DISADVANTAGES OF THE DIESEL ENGINE. . ' 

The Internal -combustion engine Is an engine from which work is obtained by the burning 
or combustion of fuel wtthin^the engine cylinders thenselves. A diesel engine is an 
Internal -combustion engine which uses fuel -oil Injected in a finely divided state into the 
cylinder which contains air compressed to a comparatively high pressure and temperature. The 
temperature of the air must be Ixigh enoogh to ignite the particles of th« injected fuel. No 
other means are used for ignitiofr. Due t^ the method of ignition msed, diesel engines are 
often called compression-ignition engines j^^^^Th is differentiates them from other 
internal-combustion engines called spark-ignition engines. TheSe latter engines use gasoline 
as fuel and the mixture of gasolifie and air is Ignited by an t^lfctric spark. 

The main advantages are: high pow^r per f)ound of engine-Installation. weight • 
particularly with present-day high-speed, engines* high reliability in operation, low fuel 
consumption per horsepower per hour, reduced fire haziird as compared with gasoline engines, 
and high sustained torque. - . ^ 

There are some disadvantages to a diesel engine, the main one being cost. Because. of 
the high pressures and temperatures at which a diesel works, sturdier construction is 
required; therefore, it costs more to build-. Another disadvantage is that diesel engines are 
much heavier than gasoline engines of the same power rating due to the sturdier construction 
required; Peak horsepower is reached at a lower speed. 

EXERCISE: • Answer the foll^ing questions and check your responses against those listed at 
the end of thisfflstudy unit. 

1. Describe the operation of the internal combustion engine. 



2. .List the major advantages of the diesel engine\ 



b: 
t. 



e. 
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3. List the major disadvantages of the diesel engine. 

• - 

b. • 

c. " • 
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Work Unit 1-2. ENGINE CONSTRUCTION 



IDENTIFY THE CONSTRUCTION OF THE DIESEL ENGINE. 



I 



General . Diesel engines vary greatly in outside appearance, size, number of 
cylinders, cylinder arrangement, and details of construction. However, they all have the same 

Eb^sic parts which may look different .but perform the same functions. There are only a 
few basic main working parts to a dies^l engine*;' The rest of the engine is composed of 
iary parts, which assist the mairf* working parts in their performance, and connecting 
parts necessary to jiCTb the. working parts together. > Th^ main working parts are: cylinder, 
piston, connecting rod, crankshaft, bearings, and fuel pump and nozzle. ^ 

Naturally, there are a number of other parts without which engine could not ^ 
operate, but their functions are mbre or less subordinate and wi 1 1 |e discussed later. 

Figure 1-1 is a schematic drawing of a typical diesel engine. Its purpose is to show 
the main working parts and their relation to the other parts. 
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1. Cylinder. 

2. Cylinder llMr, 
S. Cylinder head. 

4. IriUke valve. 

5. Exheuit velve. 
$. Fuel Injectore. 
7. Fliton. 

e. Piaton rlnfi. 

Wriat or piaton pin. 

10, Connecting rod. 

11, Crmnk|)ln bearing. 

12, Crankpln. 



13. Crank cheek or crank web. 

14« Crankahaft, 

15. Engine frame. 

16. Crankcaae. 

17; Timing chain aprocket. 

IB. Timing chain. 

19. Camahafl. 

20« Cama. 

21. Cam follower. ' 

22. Puah rod. 
2.3. Rocker arm, 

24. Valve aprlng. ^ 



Fig 1-1. Schematic drawing of a diesel engine ^ 

Cylinder. The heart of the^epgine is the1:ylinder where the fuel is burned and the 
power d eve oped. The inside of the cylinder is formed by the cylinder liner or sleeve and the 
EJltnde? head which seals one end of the cylinder and often, although "ot always conta^^ 
valves to admit fuel and air and^to eliminate the used gases. The diameter of the liner is 
known as the bore* * 

Piston. The piston seals the other end of the working space of the cylinder and 
transmitrthTpower developed' inside of the cylinder by the burning of tJ]e fjiel to the outside 
5ia the connecting rod and^rankshaft. A gas tighl seal between>the piston^^nd the cy inder 
Tiner is Soduced by piston rings lubricated with engine oil. The distance that the piston 
travels from one end of the cylinder to the other is known as the stroke. 

Connecting rod. The small end of the connecting rod or connecting eye is. attached to- 
the pis ton by the wris t pin or piston pin located in the piston; the big end has a bearing ^ 
which is connected to the crankpin.* 



16 



Crankshaft * The crankshaft obtains Its rotary motion from the piston through the 
connecting rod and crankpln located between the crank webs or crank cheeks. The work of the 
piston is transmitted to the drive shaft. A flywheel of sufficient mss Is fastened to the 
crankshaft In order to reduce speed fluctuation by storing kinetic energy during the periods 
when' power Is developed and giving It back during the other periods. tt 

Camshaft . A camshaft Is driven from the crankshaft by a cha^'ln dri^ or by timing ' 
gears. Through cam followers^ push rpds. and rocker arms, the Intake and exhaust valves are 
opened by cams on the camshaft. Valve springs serve to close the valves. 

Crankcas^ > A crankcase is constructed to protect the crankshaf't. bearings, connecting 
^rods. and related parts, to catch the oil escaping from the bearings of the moving parts, and 
to provide a reservoir for lubricating oil. If the crankcase is constructed to support the • 
whole engine. It is c^^lled a bed plate. 

Fuel pumps and nozzle . Fuel for diesel engines Is delivered into the combustion space 
of the cylinder by an injection system consisting of a pump, fuel lin^. ^d injector, also 
called the Injection or spray nozzle. 

EXERCISE: Answer the following questions and check yeur responses ajjainst those listed* at 
the end of this study ynit. - . ' 

4[ 

1. . The heart of the diesel engine where the fuel is burned is known as the 

a. . crankcase. . . c, piston. 

b. cylinder* d. . valve. , " . 

2. The crankshaft obtains its rotary motion from the piston through the 

y. Intake valve. c. timing chain. 

b. exhaust valve. d. cognecting rod and crankpln. 



3. The camshaft is driven from thef ^ by a chain drive or timing chain. 

a. fuel pump . c. crankshaft 

b. piston J d. cylinder 

4. The part that transmits the power from the burning fueTto the outside via the 
connecting rod is the 

a, piston. - c. camshaft. 

b. valve. d. cylinder. ^ 

5. The section of the engine used to keep the connecting rod and the crankshaft well 
lubricated is the r 

a. cylinder. ^ c. crankcase* 

b. liner. d. crankpln. 

6. Fuel is del1y;pred ta the combustion space by an injection system consisting of a 
fuel line, injectors or nozzles, and the 



a. camshaft. c. crankshaft. 

b. connecting rod. ^ d. fuel pump. - 

7. The big end of the » has a bearing which is connected to the? 

crankpln. 

a. crankshaft c. camshaft 

b. connecting rod d. piston 

Work Unit 1-3. ENGINE CLASSES. 

IDENTIFY THE FIVE DIESEL ENGINE CLASSES 

Diesel engines may be divided into five classes using different bases for the 
divis'ion. These five classes are the: operating cycle, cyllhder arrangement, piston action, 
method of, fuel injection, and speed. , ^ ' 

r If 



> operating cycles y Diesel engines can be divided into two groups based on, the nuntoer 
of piston strokes per cycle, in (1) four-str;,oke -cycle, or, for-sh'ort, four-stroke engines , and 
(2) two-stroke-cycle, or two-stroke engines. 

Cyl inderV arrangement " - • * 

Cyl irute rs-in-line. This is tlie simplest arrangement with all cylinders parallel, in , 
line, as shoTih in fi gure 1-2. This construction is used for engines having up to 10 cylinders. 



• I •t •4 
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Fig 1-2. In-line- engine. \ 

V- arrangement . If an engine has more than 8 cylinders, it becomes diffi(/ilt th make a 
sufficiently rigid frame and crank shafts with an in-line arrangement. > The 
V-arrangementMfig l-3a), with two connecting rods attached to each crank pin. permits 
reducing the engine length by one-half, thus making it mwch more rigid with, a stiff 
crankshaft. This is a common arrangement for engines with 8 to 16 cylinders. 
Cylinders lying in one plane are called a bank. The angle between the banks may vary 
from 30^ to 120^, the most conmon angle being betw^n"40^ and^,75^. 




Fig 1-3. Vee-type engine. 



Flat engine . 
180^ between the banks 



The flat engine^('fig l-3b) is similar to a V-engine with an angle of 
This '.arrangement is used mostly for trucks and buses. 



Hul tfple-er^glne units . In order to increase the engine power without increasing its 
bore and stroke, two or four complete engines, having six or eight cylinders each, are 
confined in one uhit by connecting each ^nglne to the main drive sftaft 5 (fig l-4a and 
l-4b), by means of clutches and gears or clutches and roller. chains. Figure l-4a ^ 
shows a twin-engine and figure l-4b shows a quadruple.-engine or quad. 
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' Fig. 1-4. ,Mul%iple7unit engines. 



Vertical-shaft engines , iprecent development is an engine with four connecting rods 
attached to one crankpin ffig 1-5). The four cylinders are all in one horizontal 
plane, the crankshaft thus being vertical, four banks located one on top of the other 
and using one crankshaft with four cranks form a compact 16-cylirtder engine^ under the 
name of the panca|t/e engine. ' ' - . . * . 




^ s ^ 
Piston action 



Fig J-5. Top^iew of pancake engine. 



Single-agting engines use only. one end of the cylinder and one face of the pistoi) 
for the development of power. Nearly all diesel engines are single-acting. ' 

. J 

Double-acting engines use both ends of the cylinder and both faces of the piston 
^ for the development of power. Double-acting engines are built only in large ahd 

comparatively low-speed units. )^ 

, Opposed-piston engines are engines having two pistons per cylinder driving two 
crankshafts. Tli^ design presents: many advantages from the viewpoint of 
combustion of fuel, engine maintenance, and accessibility of all parts except the 
' lower crankshaft, ^ 

Fuel injection .*' Diesel engilhei are divided into air-injection engines and solid or 
mechanical-injection engines. The meaning of these terms and the differences between these 
two types are diiscussed in Study Unit 3. Therefore, at^his time, ^e need only mention that 
air-injection engines are gradually disapo^ring. 



p^v 
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Speed . All diesel engiips can be divided into three classes in relhtion to speed; ^ 
low-speed» medium-speed, an* h'i|h-spe'ed. The present trend is avfay from low- and even 
medium-speed engines and toward increasingly (higher speed engities. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unitT" 

V ■ . 

1. Diesel engines can be divided into two groups"^ based pn the number 
of , per cVcle. * , ' i 



a. valves . \ c» pi it on strokes . 

b. injections ' d. turns of crankshaft 

'1-5 
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2. The simplest arrangement of having all Cylinders parallel is known as 

a. tn-Hne, . * : c. flat-engine. 

bf ivertlcal-shaft . d. pancake. 

* 3. In order to Increase'the engine power without Increasing Its bore and stroke 
P a(n) ^ » erjc^ine Is used. 

a. in-line c. multiple 

b. vee-type d. pancake 

4. Enginies using only one end of the cylinder and one face of the piston are said to 
be ^ . ' * ^ . 

a. double-acting. c, stationary. 

b. single-acting, " d. low-speed, 

5^ 9i*esel engines' fuel systems" are divided int© air injection or 

a. sol id injection. c. mechanical injecti 

W liquid injection. d. hydraulic injection 




^ 6. All diesel engines can be divided into three classes for speed, these daises" are 

a. 1st, 2nd, and 3rd. ^ 

b. low, medium-, ♦ind high. 

.c. low, even;;^vid higher, , . ^ )) 

d, in-line, ve<f, and pancake. ' jt 

7. The five classes'of diesel engines are operating cycle, speed,- fuel injection, 
cylinder arrangement, and , ' ^ ' 

a. weight. , - c/ alinement of valves. 

b. piston^action. ^ d. four-stroke. 

Work Unit 1-4. ENqiNE MEASUREMENTS - 
IDENTIFY B0|^ AND STROKE: 
" IDENTIFY PISTON DISPLACEMENT. « 

IDENTIFY VACUUM IN THE CYtlNOER. . 

• *^ 

IDENTIFY VOLUMETRIC EFFICIENCY, f , * 

Bore and stroke . The size of an engine cylinder is usually indicated in terms of tore 
and stroke (fig 1-6). ^Bore is the-diameter of the cylinder. Stroke, is the distance th^ 
piston moves in the cylinder or the distance between top dead center and bottom dead center. 
When reference is made to ,these two meascrrements, the bore is always givcffi first. For 
example, a ,4 x 4 cylinder means that the cylinder bore, or diameter, is 4 inches and the 
Jength of th^ stroke is 4 Inches. ^ 

Piston displacement . PTston displacement is the volume of space that the pi^^on 
displaces as it moves from bottom dead center to top dead center. The volume is figured by 
multiplying the length of strolce by the area of 'a circle havlrtg the diameter of^the oiflinder 
bore. Thus,/a 4-tnch djameter circle has an area of 12.566 square Inches, and, fhererore, ^ 
this times 4 Inches (length of stroke) equals 50.264 cubic inches^ the piston displacement or 
the number of cubic Inches the piston displaces as it moves from bottom dead center to tfop 
dead center. 

Vacuum in the cylinder . When the piston starts to i|K)ve downward in the Cylinder on 
the Intake stroke, it produces a vacuum in the cylinder. If both the intake and exhaust 
valves are closed, then no substance cogld enter to fill this vacuum. The cylinder would 
remain empty. However, at the same time that the piston starts to move down, the Intake valve 
is opened.' Now atmospheric pressure pushes air past the intake valve ai^d into the cylinder. 
The cylinder, therefore, becomes filled with air <or with fuel-air mixture in gasoline 
engines). ' , 
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Fig. 1-6. Bore and stroke of an engine cylinder. 



I rflile^ of air extending* abovg presses downward or 
is not noticed because we are accustomed to it. , 
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, Atmospheric pressure . The miles and 
exerts pressure. Ordinarily, this pressure 
If the air was removed from i container and the container were opened, this, pressure would i 
push^air back into the container. .This might be jcojnpared to what happens when an empty bo£tl^e 
is held under water and the cork is remo\>ed. Thd pressure of the water pushes water into^he' 
bottle. The higher we go into the air, th^ less pressure is found. Tbe reason for tiiJs ^ 
that as, we ascend there is lefes air abo^we us ;^we climb towKrd the^ top of the atmosphere. This 
means there is less air to press down on us arid, therefore, the pressure is less." Six miles 
above the earth, for example, the pressure i$V about 4*4 psi. Returning. to earth, the a.. ^ 
pressure^ increases. The nearer we ^prpach tt eartn or the bottom of the oitean of air, the 
greater the pressure of air.\ At sea level, this pressure is about^H»7 ps^r. ' . \ 

Volumetric efficiency . Although the atmosphere exerts considerable pressure and 
rapidly forces atr into the cylinder- on the intake stroke, it does take time for the air to 
flow through the intake system arid past the intake valve.. If given enough tjme, enough air 
will flow into the cylinder to "fill it up." However, th,e air ;ls giver) very 11ttlel(|pi^ to 
this. For example, when the engine is running a1^ 1,200 rpm, the intake stroke lasts-only 
0.025 second. In this very brief period, 'all the ^it that cduld enter does not have time to 
flow into the cylinder. The intake stroke efid/ too quickly. Nevertheless, ^is factor has 
been taken into consideration in designing/the engine so that good operation will result even 
at high engine speed. . ^ 



do 
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Measut^ing yolumetr4c efficiency . The njeasure of the amount of fuel-air mixture 
that actually enters the cylinder is referred to in lerms of vo4umetric 
efficien'ty. Volumetric effici€/ncy is the ratio between' the dmoynt^of fuel-air 
mixttfre that actually enti^ ^he cylinder and the' amount^ that coul?l enter ilnder^ 
ideal conditions. The greateV* the volumetric efficiency, ^he greater l^he ^ount 
of fu^-air mixture efH^ring the cylinder; and the greater thj amount bf*fllbl-air 
fflixturff, "the more power is produced frort)M^e engine cylinder.]! At low speeds, more 
fuel-air mixture can get into the cyl iridic, and the power ^roquced during the 
power str6ke is greater. Volumetric efficiency is ltigb» but at high speeds^ the 
shorter time taken by the intake stroke reduces the amount of fuel-air onixturje 
entering the cylinder. Volumetric ef f iciency, theo is lower* In addition, ^the air 
is heated as it passes through hotimanifolds on its wayfto the cylinde^» and.it ' 
expands. This further reduces thelamount of fuel-air mixture entering the 
cylinder and further reduces \^plume^ic efficiency. , * 
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Increasing volumetric efficiency . Volumetric efficiency is^ higher at low engine 
^ speed because more fuel-air mixture gets into the cylinder. Volumfttric efficiency 

can also be improved by use of a blower or air-compressing device. On gasoline 
engines, this device' Is called ^supercharger* It raises the air pressure ab9ve 
atmospheric pressure so that the air is ptJshed harder on Its way into the 
cylinder* The harder push» or higher pressure insures that more air wlW enter 
the cjjlinder, In a supercharged pnglnei the volumetric efficiency can run well 
over 100 percent. Since 100 percent efflciertcy means that the pressure inside the 
cylinder equals atmospheric pressure^ a' volumetric efficiency of more than 100 
percent mean§ th^reSsure inside the cylinder would be-greater than atmospheric 
pressure at the^d qf the intake- stroke.Jjhis increased volumetric efficiency 
increases engine power output* A superchflfrger is very important on airplane 
engines because the lowered air pressure (about 4*4 psi at a height of 6 miles) 
must be greatly increased^ if engine power output is to be maintained at high 
altitudes. Also» on 2-stroke-cycle engines^ some form of device is required to 
increase the pressure of the ingoing fuel-air mixtur^. ^ 

EXERCISE: Answer the following questions and check! your responses against those listed at 
the end of this study unit. \/ 

1. Bore is the size of the 

end of the piston. c. dfameter of tjhe cylinder, 

stroke. d. distance the ||P^ton movgs. 4 



J 2. Stroke is the ) 1 

^ ^ ' ■a. diametjer ot the cylinder. / _ . - 

b, distance between TOC ^nd BOC. ~ ^ 



c- length of the p+ston rod 

i disltiance between the crank and TOC. / \f 

^ • ^ .-K ! - 

vjolume of space that the piston displaces f rbm BDC to TOC is called 




ie 



stroke. , ^ ' c. bore, ^ 

vacfium in'^the cylinder. d. piston displacement. 




4. ithen the piston starts. to move downward in the cylinder on the Intake stroke, it 
produjte? ' ■ ^ ■ ^ iv ^« 

a. -^iteton displacement* c. vacuum in the cylinder. 

b. bore and stroke. ' d. ignition of fOel. ^ 

5. At lowejr speejJs, the volumgt>ic effyci^ncy is ^ - 

a. higher. c. low. y 
\ ^ b; ^not changed. ^ d. fl4JCtuating. / 

„ • 6. Vo^fjietric efficiency can be incr^sed by usin9 a 

^ \ a; larger engine* c. blower. ^ 

b. smaller ^gine. « ' d. heavier pisjon. 

i^ork Unit 1-5. ENGtNE OUTPUT ' v ' 

DEFINE WORK. _ 

» f * oesIri^e energy. 

^ DEFINE POW&ft. • • 

IDEKTIFY THE DYNAMOMETER. 

t 

IDENTIFY TORQUE EFFECT. ; 
, . IDENTIFY TORQUE-t!oRSEPOWER-SfEED RELATIONSHIP. 
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Engines vary In size and output. To (Compare engines , compare not only their 'slz^ 
but also the work they are capable of doing. These functions are explained below. 



Work. W^rk Is the n>ovement of a body against ;an opposing force. When a weight Is 
lifted from tUe ground, work Is done on the weight. It Is move^ upward against the force gf 
gravity. When a tank pushes over a tree, it (toes work on the tree it forces 1^ to the 



ground. If a 1-pound weight is lifted one foot, one foot-pound of 




is done. 



Energy . Energy is the ability ,to do work. As, the sp?ed a tank is increased, 
the energy of movement of the tank Increases. It can -thereby knock ov6r^ a tree more easily. 
The higher a weight is lifted from the groun<;i, the^jnore energy, is stored, in the weight. Then, 
when it falls^ it will s,trike't*»e ground harder; that is, it will do more worK on the ground* 
Suppose a stake is being driven in the ground? The greater the distance the weight falls, the 
rripre work it does on the stake and the farther it drives the stake into the ground* » 

* ' ■' 
Power . Power is the rate of work. It takes more power to work quickly than to , 

work slowly. Engines are rated if> terms of the amountvof work the/ can do per minute. .A 
large engine that Can do more work per minute 1s more powerful than a small engine which 
cannot work as hard. The work capacity of engines is measured in horsepower. A horsepower is 
a definite amgQWf of power. Actually, it is, the amount of power that ,an average horse was ^ 
found to generate when working hard. The tests measuring horsepower wer6 made many years ago 
at the .time steam engines were being developed* It was found that an average horse could pull 
' a weight of 200 pounds a distance of 165 feet in 1 minute. The amountvof wijrk involved here 
is 33,000 foot-pounds (165 times 200). If 100 pounds were lifted 330 feet, or if 33D pounfls 
wereJifted 100 feet«|.the amount of work would be the same, 33,000 foot-poimds. When this 
amourk of work is done in 1 minute, then 1 horsepower is required. If it tp>k 2 minutes to do 

* tljis amount of work, tl^en 16,500 foot-pounds per minute, or 1/2 hp, would be required. Or if 
3j,000 foot-pounds of work were done in 1/2 minute, then 66,000 foot-pounds per mihute, or 2 
hp, would be required. 

Prony brake . A prony brake may be used to Pleasure ttje actual ^housepQwer that , an 
engine can dellvet. 'This device' usually makes use of a series of wooden blocks fitted around 
a special flywheel that is driven by the engine (figtl-^)* ^ tightening device Js arranged so 
the bloo# can be tightened on the flywheel. In addition, an arm is attached to this 
tightening device and one end of the arm rests on a scale. In operation, the wooden blocks 
.are tightened on the flywheel. This loads up tht en^ne and works it harder. Also, the 
/\ressure^on the blocks tends to cause the arm to turn so that force is exerted on th*e scales, 
[he ^wgth of the arm times the force exjerted^on the scales gives the ^ngine torque in 
pour^Weet. The results of the prony brake test can be converted into brake horsepower by 
using this -.formula:/^' ^ " ^ 



< 



Bhp = 2Tr 



33,00 



whef-e 1 is length of the arm In, feet, n is the speed In rpm, and w i/^the load In pounds .on 
the scale. For example, suppose the arm is 3 feet long, the load on )the scale Is 50 pounds>, 
and the-speed is 1,000 rpm. - Substituting in the formula gives: 



'it 



Bhp * 2 y 3.141 6.x 3 x 1.000 x SO » 28.56 brake horsepower 
T i5,d60 





Fig. 1-7. Simplified drawing of a prony brake, 
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Dynamometer > The dynamometer Is essentially a dynamo of a special type which can 
be driven by an engine. This special dynamo pan absorb all the power the.engine can produce 
and indicates this power on dials or gages. Although tf>e' dynamometer is more complicated than 
a prohy brake, it is generally considered to be more flexible and accurate. In addition to 
measuring engine power output, the dynamometer can also be used to drive the engine for 
purposes of. measuring the friction bt the engine itS'elf or of the various accessories. 

Torque effe(^t . Torque is the .'effect. which rotates or tends to rotate a body. 
When the lid^n a jar is loosened, a twisting force or torque is applied to it (fig 1-8). 
Torque is measur^'^d in pound-feet (not to be confused with work** which i^. measured in 
foot-pounds). For instance, suppose a wrench is used to tighten a nut on a stud (fig l-9)i. 
If the handle pf the wrench were 1-foot long and a 10-pound force is put on it^ end, 10 
pound-feet of^r^torqye would be applied on the nut. If the' handle were 2 feet lon^ and a 
10-pound forc*^ is put on .its end, 20 pound-feet of torque would be applied. Torque can b? 
conve^tted into work with the formula: ft-lb (work) =2 n x Ib-ft (torque) * 6.2832 n x 
Ib-ft where n is the speed in revolutions per mijiute. For example, if an engine were checked 
on a prony brake and found to be deliveri/ig 100 pound-feet "torque at 1,000 rpm, then it would 
be doing 682,320 foot-pounds of work ^every minute. This can be converted into horsepower by 
dividing it by 33,000. An illustration of a torque wrench in use is shown in figure 1-10. 



> 





Fig 1-9. Applying tor^e with a wrench on a nut. 

The engine' exerts tor*qu^e thVough gears and shafts connected to the wheels so thdt^^tre wheels 
turn and the vehicle moves. The amount of torque that an engine produces variejWth engine 
speed (fig 1-11). Note th^t torque increases -and then, at an intermediate speed, falls off. 
The reason for this variation is that» with increasing speed, the engine is turning faster and 
is thus capable of supplying a greater twisting effort or torque. However, with further speed 
Increases, volumetric efficiency falls off. Less fuel-air mixture gets to the cylinders with 
each intake stroke and thus the power strokes are npt as powerful; torque falls off., ' * 
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fig 1-10. T(/rque wrench In use, tightening main bearing studs of an engine. 
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fig 1-11. Relationship between torque and speed. 



Torque-horsepower-speed (rpm) relatloship 



Figure 1-12 shows the comparison between the horsepower and torque pf an engine. 
Torque i.ncreases with speed (up to rated speed) as shown in figure 1-11. Horsepower also 
shows a change with speed, and this is more marked than with torque. Horsepower is directly 
related to both, torque and speed. When both torque and speed are on the increase, as in the 
speed range of 1,200 to 1,600 rpm, then horsepower goes up sh^»?ply. When torque reaches 
maximum and then begifts to taper off, the horsepower curve starts to drop. Finally, in the 
higher speed ranges when torque falls off sharply; Jwrsepower also falls, off. The horsepower 
formula Hp « 2 Inw given above shows that horsepower depends 'on both speed and torque, sinae 
torque equals w and is n Is speed. Substituting the formula and dividing 2-ff (or 6.2832) into 
33,000 gives: * , ' , 

Hp » torque x rpm 
. r 

which shows t|e relationship between horsepower, torque^ and speed moi*e directly. 

A rated speed is indicated in figures 1-11 and 1-12. this is the speed |t which 
the governor is usually set in military vehicles. The rated' speed is selected because, at 
higher engine speeds, wear on the engine increases rapidly and a disproportiqnate amount of. 
fuel is used. Overspeeding or driving the engine above rated speed, only allows a slight 
increase of horsepower. 
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F1g^l-12. ReNtlonship t?etween torque and horsepower. 



Gross and^jifrt horsepower . The. gross horsepower of an enjgine is the amount of 
power the engine delivers before any accessories have been attached. Net horsepower is the 
power available at the flywheel after all accessories af^e attached. . 

I ndicated horsepower . Indicated horsepower is the horsepower actually dev^lop^d^ 
Inside the engine cyl^nderls. It is called "indicated" horsepower because an indicating tlevice 
is required to measure this horsepower* 'Mhis device measures the f^ressures developed in the 
^Ine cylinders and» by a series of steps, translates this data into indicated borseppwer* 
Indicated horsepower is always'conslderably greater than horsepower delivered by the engine ^ 
because power is lost from the engine in a number bf ways {friction, heat-loss, etc.). 

, SAE horsepower . The Society Cjf Automotive Engineer^ (SAE) developed a simpjiified 
method of calculating horsepower based oh engine dimensions. This rating w^is used only for 
commercial licensing of vehicles. This formula is: ^^S^^^ ' 

ON 

Hp = 77? . , • 

where 0 is the cylinder diameter in inches and N is the number of cylinders. 

EXERCISE: Answer ^he following questions and check your responses against tKose listed at 
the end of this study unit. 

1- Work is defined as \ \ " • ■ 



^ 2. Energy is described as when the speed of a tank is increased 



3. Power is defined as 



% 

'■3 

1 



ERIC 



If a 10-pound weigbt is lifted 6 feet in the air, then 
of work, is done. ' ' .. - 



foot^Knds 



a. 30 I 

b, . 10 V 



c. 
d. 



60 
6 



The item that is essentially a dynamo of a special type which can be "driven by an 
engine is called a 



a, prony brake. 

b. dynamometer. 



c, torque effect, 
d* borsepower. 



6. The effect that rotates or tends to rotate a body is ^called, 



effect* 



a. dynamic 

b. revolving 



c. twist 

d. torque 
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7. The ii lustration below identifies 
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a« dynamic torque effect* 

b . torque-horsepqwer-speed *rel at 1 onsh 1 p . 

c. tqrqtje-speed relationship*' 

^/ torque and horsepower relationship. 



^ork Unltll-^: ENGINE EFFICIENCY 



IDENTIFY ENGINE EFFICIENCY. 



^ The term efficiency means the relationship between results oi>ta1ned and the effort 
required to obtain those results. It Is expressed a^s: efficiency « output . Suppose* fpr 

input ^ 

example, a set of pulleys were used^to raise a 270-pound weight 2t f eet and this required a 
100-pofjnd pull for 6 feet (fig. 1-13). It would take 600 foot-pounds to get out 540 
foot-pounds. The ratio would be 540 or 0.90. In other words, the efficiency |)f the pulleys 

. 600 - i 

would be 90 percent. There would be a loss of 10 percent of th^ work put\in. The system of 
pulleys shows a loss (or Is only 90 percent efficient) because of friction. No machine o** 
engine is 100 percent efficient; all lose energy as explained below. 




/ 




Fig 1-*13. System of pulley* iOiWhlch 600 fodt-pdunds must be expended to realize 540 
foot-pounds of work. ' V ; . 



Frlctior^ 1oss > Friction is a source of energy loss in any mechanical system. If 
a Keavy plank is dragged across a rough floor» it offers some resistanc* to the movement. 
TJ^is resistance tp movement would be less if the plank and floor were polished smooth. 
Resistance would be still lejs if the plank floated in water. This resistance to movement is 
called friction* Friction can be visualized as being caused by tiny irregularities, or high 
points, in the surfaces of the moving objects. These catch on each other and particles are 
torn off. All of these require force to overcome. If the plank and floor are made smooth, 
then the projecting points are much smaller and have less tendency to catch and tear off. 
Therefore, less force is requij^ed to pull the plank across the flpor, and, if the plank is 
flo^fted in water, the surfaces can.no longer rub against each other. There Is, however,, still 
'some friction in the liquid. In the engine, friction occurs at all moving parts, even though 
the parts are, in effect, floating in films of oil. 

Mechanical efficiency . The mechanical efficiency of the engine is the 
relationship between the power developed in the engine cylinders (indicated horsepower) and 
the power delivered by the engine (brake horsepower). Internal engine losses from friction 5 
and other factors always prevent brake horsepower from equaling indicated horsepower. A 
typical engine, far example, might develop 200 indicated horsepower as against an actual brake 
horsepower of 180. This engine would have a mechanical efficiency of: ^ 

Brake horsepower 180 
Indicated horsepower " ' 90 perct 

Thermal, efficiency . The def'initioa of thermal efficiency is the relationship 
between the heat energy in the fuel and ^the engine power output (thermal means of or 
pertaining to heat). The term "thermal 'efficiency" relates to the heat energy ofithe fuel and 
the wortc output. The heat energy is the amount of heat the fuel will produce a^t burns. 
Much of thi^. heat is lost to the cylinder walls and cooling system. Still mope is lost in the 
hot exhaust gases as they pass out of the cylinder. This heat tha1» is lost cannot do anything 
to cause the engine to produce power. Therefore, only a relatively small part of the heat in 
the burning fuel can ^contribute anything toward pushing down on the pistons and thereby 
causing the engine to produce power. In actual practice, because of the great amount of heat 
lost to the cooling water and lubricating oil and' in the exhaust gases, thermal efficiency may 
be a^ Tow as 20 percent. In other words, as much as 80'percent of the energy in fuel 'is 
lostl However, the remaining 20percent is sufficient to operate the engine normally. 
Practical limitations prevent thermal efficiencies of much above 25 percent. 

The overall thermal efficiency of an engine is the relationship between the fuel 
input and the power output. This relationship is commonly expressed jn heat units called 
British thermal units (Btu). One Btu is equal to 778 ft-lbs of work; therefore, the 
horsepower output of an engine can be" readily converted into Btu per unit of time, The tource 
of power in an engine is fuel, and the Btu content of regularly used faels has been determined 
by laboratory analysis: 

Thermal efficiency power_ output in Btu 

fuel input in Btu 

Example : An ent|ine- del 1 vers 85 bthp for a period of 1 hour and in that time 

. consumes 50 pounds (approx 7 1/2 gals) of fuel.. Assuming that the fuel 
has a value of 10,800 Btu per lb, we find the thermal efficiency of the 
engine; 

Power delivered by the engine is 85 bhp for 1 hour, or 85 hp-hours. 

1 hp-hour = 

33.000 ft-lb per min x'-60 mln . 

^ 778 ft-lb per Btu ' , . 

^ = 2,545 Btu ' . ' 

85 Bhp X 2, 545 Btu = 216,325 Btu output I 

•50 lb X 18,800 Btu per lb = 940,000 Btu input per hour 

Qvirall thermal efficiency ° 216.326 

940,000 . ' 



0.230» or 23 percent 



,28 



EXERCISE: 



^ 2, 



Answer the following questions ^nd check your responses against those listed at 
the fnd of this study unit. . 



1, The relationship between results obtained and the effort required to obtain those 
retsuUs Is known as engine ' ^ 



a. operation. 

b. accuracy. 



d. frlctloi). 



Three ways that a mac|)1neiw1 11 lose efficiency are: 

a. _j 

b. ■ ' ' 



c. 



Work Unit 1-7, THE MAIN STATIONARY PARTS OF THE DIESEL ENGINE 

IDENTIFY THE FUNCTION OF THE MAIN STATIONARY PARTS OF THE DIESEL ENGWE. 

DESCRIBE THE CYLINDER HEADS. . * ♦ • 

General / The main stationary parts of a diesel engine are designed to maintain 
the moving or working parts In their proper relative positions, so that the gas pressure 
produced by the combustion Is effectively used to push the plstohi and rotate the crankshaft. 
The main requirement Is strength, next comes low weight, and finally simplicity of design. 
Diesel engines that were built a few years ago were several times as heavy per horsepower / 
output as the more modern engines. The reduction In weight In recent years has been possible 
due partly to the Improvement In riteterlals which provides greater strength per urvlt^ area, but 
mostly due to Improved design and methods of calculation and manufacture which permit the use ^ 
of lighter sections. * ^ 

Engine fr^me . The frame connects the top of the cylinder to the supports for the 
crankshaft. In the earlier designs (at present used only in large, low-speed engines), the 
frame consisted of a separiate cylinder block, crankcase, and bed plate with an oil pan. or sump 
(fig 1-14). The main btearings, soppn-^ting the crankshaft, were held in the cranjjcase, while 
the pistons operated\1n the cylinder block above it. The gas-pressure load was t^iken up by ^ 
tie bolts running from top to J>ottom. Cylinder block, crankcase, and bed plate were made of * 
gray-i^on castings. 



CRANK CASE 



\ 



TrC tOLT. 




Modern des'igi 
plates Tbcated at places 
the cylinder block nnd oi 
|(ict1on is sometimes usfed 
still made of cast Iron. 



Fig 1-14. Engine frame with tie bolts, i 

of high-power output engine$ have frames of welded steel with 
ifhere the loads occur (fig 1-15). The customary arrangement combines 
pan with the main bearing supports, althouah a separate crankcase 
Cylinder blocks and crankcases of small high-speed engines are 



The crinkcase Is often Integrdi with the cylinder block. In the models where It 
Is a separate section* It generally \cons1sts of a' plain rectangular frame with cross-ribbing 
to provide rigidity. ; OccasVoaally, the main bearings are held by a cross-ribbing In the 
crankcase, but more^ of ten they are hung from the bottom of the cylinder block. Access door^ 
are provided at every cylinder to permit assembly and observation of the bearings- 

Cylinders jind cylinder liners . The cylinders were separate units on some older 
models* butMn mo'dern engines they are secured within the blocic which also^ontalns pijssages 
for cooling water, lubricating oil to the bearings, and Intake air. Each cylinder is secured 
i,n a separate compartment with crossbracing between the compartments. ' • 





Fig 1-15, Sectional sketch of welded frame. 

Dry liner . The dry liner Is a simpli sleeve with thin walls inserted In the 
cylinder block (fi^ 1-16). The cooling water moves about the outer cylinder and 
does not t,ouch the .liner. The liner is inserted in the cylinder with a light 
press fit. When worn or scored, It can easily be removed and replaced by a new 
liner. ' - 2 



4t 



r 
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Fig 1-16. Dry liner. 

Wet liner . The wetl liner Is a sleeve whose jftuter surface comes Into direct 
contact with thef-crsollng water (fig 1-17). (The liner Is normally sealed against 
water leakage at the top end by a gasket unU&iL the flange or a machined fit, and 
by rubber or neoprene rings around the lower ert^ The liner Is free' to expand or 
cdntr;act lengthwise; The thickness of the wall Ts such as to take the full 
working pressure of the gases ^ ' 
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^ Wet jykett'd liner * The liner hds Its own cast-on or oermanently shrunk-on Jacket 
around the ojutslde for the circulating cooling water (fig 1-18). The water is 
admitted into the bottom of the jadket and leaves through the top. This type is 
used mostly tn two-^stroke engines where It Is difficult to obtain a watertight 
^eal around the ports when using a wet liner because of the expansion of the liner 
f\ due to heat during engine operation* * 

The cylinder liner mu|| be made of material which will enable the piston 
and rings to move up and down ^Ith minimum friction and will give the least wear to both the 
liner and the piston parts. Cast Iron Is the usual material » although steel sleeves are 
sometimes used. A recent development has been a coating of 0.003- to 0.006- In ^ 
' electro-deposited porpus chromium. The chromium resists wear^ while the pores In the plating 
hold lubricating oil and maintain a lubrication film necessary to reduce friction and scoring. 

* ■ 




Cylinder heads » The cylinder head seals the combustion chamber and^ tji most 
engines^ tontalns' the valves and passages for Intake and exhaust gases » the fuel Injection 
no)^z1e» the air starting and relief valves^ and passages for the cooling water from the . 
cylinder Jacket as shown In figure 1-18. It Is a casting alloy Iron^ seldom made of 
aluminum. Because of the heat passing through tKe cylinder head from the combustion chamber 
and the exhaust passaged. It ha^s to be water-cooled. Such cooling prevents excessive 
temperatures which might crack It and whJch would Interfere with the operation of the fuel 
Injection nozzle and all other valves. The larger-bore engines have individual heads for each 
cylinder, while small-bore enjji;)es may have a single head covering all cylinders or pairs of 
cylinders- ^ ^ ' 

Other parts > In older designs and In very large, low-speed diesel engines, the ^ 
malft and crankpin bearings consist of heavy cast-iron or cast-steel boxes with a thick, up to 
one-half Inch, babbitt lining/ Each bearing niust be hand-scraped to a running fit with its. 
journal. All modern dies6l engines, regardless of size and speed, have precision bearings. 
Precision bearings are separate from the saddles and connecting rods. They consist of 
relatively thin Steel, bronze, or brass shells with a lining of bearing metal which is' 
generally 1/32-inch or less in thickness. The bearing metal may be one of several types which 
has proved satisfactory: lead-base babbitt, copper-lead, or cadmium-silver. Grooving is kept 
to the minimum, and wedge-type lubrication is used to the fullest extent. 

Double-acting diesel engines require a crosshead and ^rosshead guide. The purpose 
of the crosshead guide is to take the side thrust coming from the angularity of the connecting 
rod. vihich otherwise would be taken by the cylinder liner. The bearing surface of the 
crosshead guide is a flat slipper. Bearing Iqads are low and, with proper lubrication, an 
ordinary babbitt usually suffices as a bearing surface, 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

K Tlje main stationary parts of the diesel engine are designed to maintain the 
working parts or moving parts in ^ 

a. the crankcase. ' ' . ^ 

b. lubricating o1"l. 

c. proper relative positions, , 

d. and out of the engine, * 

■ 1 ^ '■ ' . 
2. Describe the cylinder head. ; ' 



Work Unit 1-8, THE MAII^ MOVING PART5 OF THE DIESEL ENGINE 
^ ^ STATE THE MAIN FUNCTfONOF THE CRANKSHAFT. 
STATE THE PURPOSE OF THE PISTON. 

IDENTIFY THREE PURPOSES OF PIStON.RINGS. ^ 
IDENTIFY THE PURPOSE OF THE CON^CTING ROD. " 
IDENTIFY THE FUNCTION OF THE CAMSHAFT/ 

Cranlfshaft . The main function of the crankshaft is to transform the reciprocating 
motion of the pistons into rotary motion. The forces acting^ a diesel engine crankshaft are 
high because of the high peak gas loads and the inertia forces of the moving parts. The main 
requirements are mechanical strength and^lengthwise. and torsional rigidity. The shafts have 
relatively large diameters and are stfpported by main bearings between each pair of cranks as 
shown in figure 1-19. At present, ipost crankshafts are forged, some frort open-hearth but the 
majority from high-strength alloy steels. However, advances in understanding the sjtress 
distributions in diesel crankshafts are«chang1ng the situation. It has been found that the 
removal of metal at certain sections will redistribute the stresses and result in a stronger 
shaft. Casting permits easier application of such Improved shapes. As a result. 
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high-strength caistriron and. In some'cas«$i cast-steel crankshafts are being used in jeveral 
nwdern diesel^e|[9lnc$. Hdny forged steel shafts are surfate^hardened by electrically heating 
the surface alone and qyenching it with sprays of water. Surfacing of the Journals with a 
harder metal, such as electro-deposited chromium whiph will t^ike k smooth dense finish, is 
being considered to reduce shaft wear and improve bearing conditions. The shafts are djrilled 
through the crank jfebs to admit pressure lubrication from the main bearings to the crankpins 
and wrist pins. In some cases, the oil is carr i ed farther an d is used for cooling the piston 
crowns. 



Fig 




Crankshaft of a' six-cyHnder diesel encjine. 



Pistons * The purpose of the pistons IS to transmit the energy of corfibustlon 
'thTiOugh the connecting rods to the cranKshaft/ Pjstons of single-acting engines usually are 
of the trunk-type. They must carry pressures varying from a sligKt vacuum to peak 'pressures 
of 1,000 to 1,200 psi with the resulting fluctuation in temperature setting up expansion 
stresses. They have to withstand- high bearing and side-thrust loads from contact with the 
cylinder 01 ner» Often, they hav.e .insufficient lubrication and have to resist wear on the 
outside cylindrical surface and in the ring grooves from the pressure and slidina action of 
the "compress ion rlYigs. 

'Pistons are usually cast becaOse it is cjasier tq provide satisfactory ribbing on 
the Interior in a castiqg and stilj keep the weight low- However, forged pistons are used 
with some engines^ Pistons of -slow, heavy-duty engines, where strength is a more important 
factor than weight, are made of cast-iron. They may be cooled by water or oil circulated^ 
through baffles within the piston. Generally, they ar? cooled merely i>y air contact .and with 
lubricating oil sprayed from the connecting rod cap under the crown of the piston. Pistons of 
higher speed engines have to be made as* light as possible because of the effect of the mass on 
the bearing loads. For several years the tendency was to use aluminum pistons. Recently the^^^ 
trend has changed to pistons of cast-iron with very thin walls and cooled by lubricating oil 
circulated through the inside. The cait-iron has the advantage of having the same coefficient 
of expansion as the cylinder liner. This permits the use of smaller piston-torllner 
clearances when cold Vithout the^danger of seizure when operating under a heavy Toad. Figure 
1-20 shows a pistdh, of a single-acting two-stroke engine, and figure T-21 the piston of an 
opposed-piston two-stroke engine. v . . 
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Fig 1-20; Piston of single-acting two-stroke engine. 



Fig 1-21. Piston of opposed-piston two-stroke engine. 

Pistons for use in double-acting Engines are built up of several sections and are 
closec;) at both ends because both ends ^re used for combustion chambers* They are cooled by 
oil entering, and lea\^ing through the piston rod. 

W>r1st Pins . All of the Joad developed in the cylinder passes througli the wrist or 
piston pin- It <s the only connecting link between the piston and the connecting ro^J* Mojt 
* wrist piston are supported at both ends by bron2e bushings In the piston bpsses jind are 
maintained in place by caps which are fitted to each side of the piston, the connecting rod 
swings on a bronze bushing or needle bearing at the center of the pip. Such wrist pins are 
known as full-floating pins. In some engines the wrist pins are locked in the piston at the 
ends and are known as stationary pins. The disadvantage of this design is that all swinging 
movement is confined to the connecting rod bearing and there is some finger of less uniform 
wear. A third type^ a semi-floating pin» is supported at both ends by bronze bushings in the 
piston bosses and is clamped In the middle in the connecting rod end. J 

Wrist-pin bearings operate under rather severe conditions. In addition to tbe 
great load from the^ piston pressure^ there is the handicap of less efficient lubrication t 
because the swinging motion does not help to form an oil film as much as the rotary motion of 
a journal. The wrist pin is made of a steel alloy of sufficient strength to carry the load 
and mwst have a fine-finish hardened surface to obtain good bearing 2tction. 

Piston rings . At' the top of the piston are several compression rings which serve 
three purposes: ^ ^ ^ ^j, p 

They seal the space between the piston and the liner thus prevent;ing the 
high-pressure combustion gases, or the air charge during the Compression 

stroke^ from escaping down the liner. 

They -4Tansmit heat from the piston to the water-cooled cylinder liner. 

.They damp-^mit^art of the fluctuations of the piston side thrust. 

The oil-scraper or oil-control rings usually are located at the bottom end of the . 
piston; in some engines they are place above the wrist pin. Small engines use one; larger 
engines use two or t^iree oil-control rings to a piston* Their purpose is to scrape i)ff most 
of the lubricating oil splashed upward by the crankshaft and connecting rod» thus reducing the 
amount of oil carried upward and burned in the combustion chamber. At the same time» they 
must allow sufficient oil to be carried to the upper part of th$ liner during the upstroke, so 
that therg will be proper lubrication for the piston and the compression rings. ^ Double-acting 
pistons Jjave no oil-scraper rings as no ^11 is splashed on the liner. 

Compression rings are made of gray cast-iron. Some types have special facings, 
such as a bronze Insert, figure 1^^2a, or a treated surface, to facilitate seatlng-in to the 
liner. To expedite thb wearing in or seating of the ring face, some rings have a slight 
arigle, 1/2 to 1 degree to the face, so that at first the contact aVea is very smalU w^ar is 
rather fast, and later decreases. 4 ' ^ 
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Fig 1-22. Compression piston rings. 

■ * . / 

The type^qf compression ring most widely used has a rectangular cross-section. 
The diameter of the ring Is slightly 'larger than the cylinder bore, and part of the ring Is 
^;ut away to permit it to go into thtr'cyl inder. The difference in diameters produces a 
' pressure against the liner wall. The pressure of tht ippper rings is increased by the 

^^dditional action of the gases. The combustion gases or compression air enter behind the ring 
^^rough the vertical clearance which always exists between a ring and its groove and force the 
^rVng against the cylinder liner. t 

Sc^ engines^have compression rings with the bottom wall .or both bottom and ^op 
walls beveled, maHIng the ring thinner at the inside than on thtf outside diameter (fig 1-23). 
The groove in the piston is machined to the same shape. The gas pressure acting on the top 
wall, due to the bevel $<^J>ottom surfac^, produces an additional force pressing the ring 
against the cylinder w^ilWand helps to seal it. On the otheij hand, at eWh reversal of the 
side thrust of the piston; the ring sljdes slightlyMnto the groove. Is pressed against the 
upper groove wall, crushes the carbon which is deposited on^lt^ and Keepsuhe ring from 
sticking. Some engines use bt-metal rings, figuce l-22b, ir\ which the cast-iron wearing face 
is brazed to a steel inner ring to obtain increajed strength and 4:o reduce the probability of 
ring fracture. ' ♦ ^ 4 
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Fig 1-23. Bevelled piston rings. 



The oil control rings have a narrow face so as 
pressure and^are often undercut to give a scraping edge, 
which follow the deylations in the cylinder liner bore. I 
others two narrow scraping edges, and the piston has rows 
the oil through the bottom of the ring grooves or through 
both (figs 1-24a, b, and c). The oil scraped by^he ri'^'* 
scraping action, it is important that the. drainage fro 
Inadequate drainage means faulty scraping, higher lubriilt 
color of the engine exhagst gases. Spring steel expanders 
to increase the wall pressure and improve the scraping att 



^0 obtain a higher unit wall 
Some engines use flexible rings 
,n some designs the ring has one, in 
of holes drilled-in it for draining 
the lands between the grooves or 
back into its groove ^nd stop the 
he piston grooves be complete, 
ing oil consumption, and a darkeft 
are sometimes used behirtd the rings 
ion* 
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Fig 1-24. Oil control rings. 



The gap between the e/ids of the'^compresslon rings wlifen InsertedTcold in the 
cylinder must be sufffciently large so that^ when the ring expands with the full piston 
temperature^ the ends will not be pressed together and buckle the ring/ The way in which the 
ends are cut varies^ Most rings have the'ends cut squ4re» figure l-25a. A design which m^ikes 
gas blow-by more difficult has the ends cut at a 45° angle» figure l-25b. There arc^ several 
designs of step-seal rings* figures l-25c and l-25d. However, there is littl^y gained by this 
more complicated shape. Oil control rings in two-stroke engines are likely to catch the ring 
ends in the ports over which the rings slide because of the ring flexibility. To prevent 
'this, sometimes the ends are notche^^and a p1n is installed in the piston groo>re to hold the 
ring ends alWays in line with a bridge between the ports. ' ' 
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' Fig 1-25. Piston rings. 

Connecting rod's . The purpose of the connecting rod is to transfer the up and down 
movement called reciprocating motion from the piston to -the crankshaft, where it is ^ 
transformed into rotary motion. Connecting rods i|^ed on military |ngines are mostly of the 
type used in automobiles* figure l-26a. They have an eye at the s^all end for the piston pin 
bearing, a long shank, and a big-end opening which is split to take the crankpin precision 
bearing shells^ The rods are forged of a high-strength alloy steel. Most connecting rods are 
rifle-drilled from the big end to the eye for oil flow from the crankshafyto the piston pin 
and, in some engines* to the piston crown to cool Jt. Very often the rod shank is H-shaped 
for maximum strength with minimum weight. Types of rods include:- (1) tl^e normal shape (fig 
l-26a) used with only one cylinder to a crankpin of two cylinders, offset to the rods can 
operate side-by-side; (2) fork -and-blade rods in V-type engines (fig 1 -26b) in which the big 
-.find of on rod has the normal shape while the rod of the piston In the opposite bank is widened 
and split into a fork shap? straddling the first rod; (3) articulated connecting rods (fig 
l-26c) in which one rod, the master rod, is of the conventional shape except that it has a 
projection 6ff the shank with in eye to which the rod for the piston in, the opposite bank, 
called the articulated or link.rod, is attached. Finally, there is the rod type used on the 
pancake engin^ in which the big and of the rod consists of a shorjt pad with the bearing metal 
directly on the rod. Four such rods are located radially around the outside of the pads to 
hold all four against the crankpin., 

. ' 1-22 ' . ^■ 

36'^ 



• HOfMAL OOfMltCTIMi MOD 



% AATICUtATfO 



Fig ;l-26. Connecting rods; 

The connectlrW^ rod Is connected jjjto the piston by a piston pin. The pin passes 
/through bearing surfaces fto the piston and the connecting rod. The lower end of the 
'con|ecting rod Is attached \o the crankpln. As. the piston moves up and down in th\ cylinder,, 
.the upper end moves up and down but, because It 1s attached to the crankpln on the -Crankshaft, 
It must alsp move In a clrclt with the crankpln. Each movement of the piston iFrom top tp 
bottom Is called a stroke. The piston takes two strokes as the crankshaft makes one complete 
revolution, an upstroke and a downstroke. When the piston Is at the top of a stroke, it Is 
said to be at top dead center (TOC). When the piston Is at the bottom of a stroke. It is said 
to be at bo^tdm dead center (BDC)^^ These positions are called rock positions. 

Camshaft (fig 1-27). In some engines the camshaft Is a straight round shaft and 
fhe cams are separate pieces machined and keyed to the shaft. However, in most modern diesel 
engines the cams and the shaft are forged or cast in one piece. The function of the camshaft 
is to control the operation of the engine valves and, in some cases, the fuel Injectors. This 
is usually accomplished through various intermediate parts such as push rods, cam followers, 
and rotker arms. ' , 



Pig 1-27. Camshaft 



The camshaft is driven from the engine crankshaft by various means. Figure 1-28 
shows three different types of camshaft drives. Figure l-28a shows a drive by a train of 
straight spur or helica)- gears. Figure l-20b shows a drive by two pairs of helical or screw 
gears and an intermediate vertical shaft. Figure l-28c shows a chain drive; (m) is the 
camshaft, (g) is the camshaft sprocket, (d) Is the crankshaft, and (p) is the crankshaft 
sprocket. 
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EXERCISE: 



( 



2. 



fig 1-28. Types of camshaft drives. 

Answer the following questions and check your "responses against thosei listed at 
the end of this study unit. ^ ^ 

The main function of the crankshaft is to . 



The purpose of the piston is td 



3. The three^urposes of pistbn rings are to 

a.- seal the spac^»7fro vide weight and force* and spread the load- 

b« seal the space* damp out f luctudtions» and Increase vacuum* 

c. seal the space* transmit heat» and damp out fluctuations. 

d. irtcrease vacuum^ transmit heat, and spread the load, 

4. The purpose of the connecting rod is^to 

y 

a. transmit the energy of combustion. 

b. tr\insfer reciprocating-rhotion. 

c. transmit heat to the liner. 

d. balance out^ the torque force. 

5. The function of the camshaft is t^ 

a. control the operation of the engine valves. 

b. transmit-wrergy from the piston. 

c. transfer energy to the finaldrives. 
d» change reciprocating motion into rotary motion. 



Answers to Study Unit #1 Exercises 
Work Unit 1-1. 



3* 



The internal combustion eng.ine is an engine from which work Is obtained by the 
burning pr combustion of fuel within the engine cylinders themselves. 
Fuel oil is injectedjnto the cylinder and mixing occurs with air that is hot 
enough to ianite the'mixture^ ; ' 
a. High reliability In operation 

High power per pound of engine » 
Low fuel consumption per horsepower per hour 
Low fire hazard * 
High sustained torque 
Higher cos^ ^ 
Peak horsejbet^ reached at a lower spei 

Heavier weight per horsepower pound than spark-ignition engine 



b. 
c. 
d. 
e. 

1- 

c. 



>id 
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Work Unit 1-2. 



1. b. 

2. d. 

3. c, 

4. a. 

5. c. : 

6. d. > 

7. b. > 

Work Unit 1-3. 



1. 


c. 


2. 


a. 


3. 


c. 


4. 


b. 


5. 


a. and c. 


6. 


b. 


7. 


b. 



Work Unit 1-4. 
3. 

5. a. - ' ^ - 

6. c. n 

Work Unit 1-5. . ' ' 

■> ' 

1. Work is defined as being the movement of a b(?dy against an opposing force. 

2. the energy of movement of the tank is increased. 

3. the rate of work, 

4. c, 

5. b. ' . 

6. d. r 

7. b. . 

Work Unit 1-6. 
K c. 

2. Friction loss 

Mechanical efficiency 
Thermal efficiency 

Work Unit 1*7. . ' ♦ 

1.. c. 

2. The cylinder head seals the combustion chamber and^usually contains the valves and 
passages for intake* and exhaust gases, the fuel injection nozzle, the air starting 
and relief valves, and passages for the cooling water. 

Work Unit 1-8.* • ' ^ 

1. transform the reciprocating motion of the pistons into rotary motion. 

2. transmit the energy of combustion through the connecting rods to the crankshaft. 

3. c. 1 -. • • • . 

4. b. 



STUDY UNIT 2 



Pf^INCIPLES, MECHANICS. AND PERFpRI|WNCE OF TOE DIESEL ENGINE 

STIDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THl 
OPERATING. CHARACTERISTICS AND PRINCIPLES- OF TXE DIESEL ENGINE. IN ADDITION YOU 
WILL IDENTIFY SCAVENGING, PISTON AND CRANIC TRAVa» COWUSTION AND IGNITION DELAY. 
IGNITION AND TIMING. AND THE CHARACTERISTICS OF SUPERCHARGING. 

Work Unit 2-1. OPERATING PRINCIPLES IN THE DIESEL ENGINE - 

IDENTIFY THE DIFFERENCE BETWEEN THE TWO AND FOUR STROKE CYCLE ENGINE, ' 

EXPLAIN THE COWRESSI ON RATIO OF A DIESEL ENGINE. ' 

IDENTIFY TWO METHODS OF BURNING FUEL WITHIN THE CYLINDER. 

A series of events which reoccur regularly and in the same sequence is known a^ a 
fJJu ; ^f* fycjc sequence of events in a diesel engine is (1) filling of the engine cylinder 
«lth fresh air (intake); (2) compression of the air charge in order to raise it ^ pressure and 
tenperature needed to ignite and burn the fuel efficiently; (3) combustion of the fuel and 
expansion of the hot gases; and (4) emptying the cylinder of the burned gases by exhaust i no 
them. When these four event? are comnleted, the cycle is repeated. 



Four-stroke cycle. When these four <*Vents take plape during four strokes' of the ^ 
Piston, the cycle is called a four -str6ke eye ff. The posttiorts of the piston when it ts 
nearest to. the oy Tinder head .and farthest away ; form it are called top and bottom dead center 
respectively. -gndicated as TDC and BDC. The r|ason for this designation is that at these 
positions the connecting-rod c«nter-linc colnctjles wfth the crank-throw center-line and the 
piston cannot be moved by gas pressure acting upon its surface. The force to keep the piston 
going up and down must come from the rotating crank acting through the connecting rod. The 
four main events in a four-stroke cycle are shown in figure 2-1. , 
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Fig 2-1. , Four-stroke-cycle diesel engine. 

During the first intake stroke (fig 2~la), the piston moves downward by the connecting 

rod, the lower end of which is moved by the crank. The piston motion creates a vacuum in the 

cylinder as it moves dow»fard. Outside air is* drawn Into the cylinder through the intake 

valve which opens atf about the beginning, of the intake stroke and stays open until the oiston 
reaches bottortl dead center' (BDC). ^ , ■ 

Wh4n the piston has passed BDC, the second or Compression strokt begins (fig 2-lb). 
The intakfe valve closes and the upward motion of the piston pushed by the crank and the 
connecting rod begins to compress the air charge tn the cylinder. - 

Shortly before the piston reaches top dead center (TDC), liquid fupT in a finely atomized 
spray is. admitted int^-the cylinder containing hot compressed air^ The fuel is Ignited by the 
heat pf the air compressed in the cylinder and burns, during the f ^rst part pf the downward 
piston stroke. During this downward or third stroke called' working ia** power stroke (fig 
2-lc), the hot gases, whose pressure was considerably increased by the combustion olf the fuel 
charge, force the pistdn downward and expand due to the increasing cylinder volume.f 

>■ ■ ' ^ 



iter. The fuel 
exhaust' gases in 
and close 10 to 20 



' ■* # 

Shortly before the piston reaches the bottom dead center, the exhaust valve opens (fig 
2.-ld)/and the hot products of the contus tlon , haylAg a relatively high pressure la spite of 
the previous expansion, begin to rush oat through) the exiiaust ports Into the outside 
a tinosp»^ere. Ouring the following fourt»> or exhaust stroke, the piston moves upward, pushed by 
the crank md connecting rod. expelling the rejnalnln^ products of contustion. Near top center 
the exhaust valve is closed, the intake valve 1s opened, and the vihole cycle starts again. sAs 
can be seen, the four strokes Tequi re two engine revolutions. Thus, in a four-stroke-cycle* 
engine, one p6wer stroke obtained for every two engine revolutions*,, Actually, the dividing 
' points between tjjie four main events do not come at the very beginning^aft4^nd of the 
, corresponding strokes. The differences are smaller in low-spfeed enginei^^md^ Increased as the 
engine speed increases. The intake valve is opened 10 to 25 crank-angle\tegrees before top 
dead* center and Is closed from 25 to 45 crank-angle degre6s after bottom s 
injection starts some 7 to 26 ctegrees before TDC. In order to release th< 
proper time, the ejdiaust Valve begins to open 30 to 60 degr&«s before BDC 

* degrees after TOC. | 

^ Two^ str ok e -cy c 1 e e v en ts . A two-stroke is compl'fted in two strokes or one'revol ution 
of the crankshaft, vJnereas a four-stroke cycle is completed in four strokes or two revolutions 
of the crank^shaft. In other words as two-stroke-cycle engine completes the four events 
cycle in two strokes of the piston. «0n S^troke is down and one is up* Each up and d(Avn 
movement of the piston will turjfthe crankshaft once. So a two-stroke-cyx:l e provides power to 
the crankshaft on each revolution or turn. Compare this to the four-stroke cycle' engine vAiich 
, will have two up and two down movements but only one of those nfavements will be a power 
' stroke. The main mechanical di fference between tlie two-s±j;;oke and four-stroke engine is^ the' 
method of rem3ving t»ie burned gases' and filling the cylinder with a fresh charge of air. In 
four-stroke engine these operations are performed by the engine piston during the exhaust and 
suction strokes. In a two-stroke engine these operjations are performed near the bottom dead 
center by means of a separate a if* pmp or blazer. / . 

* "* ' . " 

The compression, conb'us t1 on , and expansion events do not dfffe.r frqp those of a 
foyr-stroke engine. The filling of the cylinder, called scavenging, with a frtsh charge may 
be explained as follows: when the piston has travelled 80 to 85 percent of its expansion 
stroke, exhaust valves e. e (fig 2-2a), are opened, the exhaust gases are released and be.gin 
td escape from the cylinder. The piston continues to move toward the bottol center and soon 
.uncovers ports s, s, thrQugh which slightly compressed air begins to enter the' cylinder. This 
air, having a slightly higher pressure than the hot^ gases in the cylinder, pumps^t the hot 
gases through valves ^, e (fig 2-2b )., "This operation is called scavenging.. The air admitted 
is called scavenge air and the air adiiittan«ce ports, Scavenge ports. About the time when the 
piston on its upward stroke close port* s, s, the exhaust valves e, e are also closed (fig 
\' 2-2c), and -the compression stroke begins. J' . 
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Fig 2-2. Scavenging of a two-stroke engine. 
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- The advantage of-a two-stroke operation Is the elimination of one scavenging and one 
charging stroke requ1re4, in four-stroke-.dyc1e operation. Thus, the cylinder delivers one 
j^ower stroke for every revolution of the engine as compared with one power strpke for every two 
tjevolytions in a four-stroke-cycle engine. It might appear that a two- stroke-cycle engine 
could producer twice as much horsepower as a fourrsffoke- cycle engine of the same size 
operating at the same speed. However, this is not the case. In order to scavenge the burned 
gases at the end of the power stroke and during the time both the intake and exhaust ports are 
open, the fresh air rushes into and through the cylinder. A portion of the fresh air mingles . 
with the burned gases and is. carried out the exhaust port. Also, due to a much sfiorter period 
the Intake port 1$ open (as compared to the period intake valve in a four-stroke-6ycle engine 
Is open), a relatively smaller amount 6r air Is admitted. Hence, with less air, less power 
per power stroke is produced as compared to the power produced in a four-stroke- cycle engine 
of like size operating at the same speed and witn other conditions being the same. To 
increase the amount of air entering the cylinder, atixillary devices are used with 
two-stroke- cycle engines. 

These advantages are very important^ an hence twp-stroke engines are used in the 
Marine Corps .much more often than four-strokte engines. A disadvantage of tw4-stroke operation 
is higher working temperatures oT the plst^m and cylinder head due to combusUon -occurring ' 
every revolution and resulting in distortrlon of these and r^ated parts. 

J Compress1|on. There are* two reasQ 

compression stroke. The first is to r 



*or conpress-ing the air charge during ^lie second 
... 



the thermal or overall efficiency df the engine , 
by Increasing the final temperature of combu^stion. This applies to all internal -combustion 
engines both of the spark- Ignition type as well as the iso-called aiesel typ6. The second is 
to increase the temperature of the air charge so that, when tfle f inely^atomized fuel -is ^ ' . 
Injetted Into the hot compressed air, the fuel will Ignite and begin to bMrn without any 
outside .|50urc^ of Ignition such as the spark plug used in automobil;e engines. 

The compression ratio of an engine (fig 2-3) is the volume in one cylinder with "the 
piston l!it bottom dead centBr (displacement volu^ plus clearance volume) divided by the volume 
with the piston at top ^ead center (clearance volume). This figure indicate^ the actual, 
amount tharth^ir drawn into the cylinder will be dompressed. For exaipple, suppose that an 
engine cylinder l^s an air volume of 60 cubic In^liM^ith piston at bottom d^ad tenter and a 
volume of 10 cubic Inches with the piston at topdead center. This gives a compression ratio 
of 60 "divides by 10 or 6:1. That is, the air Is compres|ed from 60 to 10 ctHi'ic Inches, or toy 
1/6 of its orginal volume, on the compression stroke. Compression ratio is designated by r. 
Compression >a-t1o = volume at bottom-dead center (V]) - volume at top center (V2) or 

r =« V] - V2. " ^ ' ' . . / 



\ 





Fig 2-3. Compression ratio Is ratio between "V]"*and 

The volume V2 Is called the comression or combustion ipace. The -volume V] is equal to 
the sum of the piston displaceffient of one cylinder plus the combustion spaces. 



Diesel engines use compresi^ion ratios of 12:1 up to about 22:1. Theoretically, the 
higher the conpresslort ration/ Jt^;^h1ghef the thermal efficiency , of the engine an the. lower 
Its fuel consumption. As the cornpfesslon ratio Is Increased, the air drawn Into the cylinder 
Is compressed Into • smaller space. This means a higher Initial pressure at the start of the 
power stroke* It also means tnat the burning gases can expand a greater amount. Thus, there 
are higher pressures for a longer period on the power stroke. More power Is obtained with 
e^ch power stroke*. Therefore, increasing compression ratio increases the power output of an 
engine* ftactng-qar builders shave cylinder heads sd as t;p reduce the volume of the (jombustion 
chambers and thereby Increase'^ratios. By this one act, the power output of an engine can be 
increased several horsepower. However, an Increase of the compression ratio is accompanied by 
higher gas pressures and combustion tem|)eratures . Tlvis causes stresses atid pressures in 
various engine parts. Jo counteract these ill effects, stronger heavier parts are required 
which excessively increase the weight of an e/igine. Higher temperatures and pressures also 
increase the wear and tear of an engine and thus decrease it feliabnity. One way to avoid 
problems brought about by increasing compression ratios is to find a fuel that will not c^use 
difficulty from cofBbustion. , 

Combustion . ^There are two distinctly different methods of burning the fuel in an 
engine cylinder: (a) at a* cobstant volume and (b) at a constant pressure. Combustion at 
constant volume means that during combustion the volume does not change and th^t all the heat 
energy developed by the fuel goes into an inqrease of the gas temperature and pressu^;^. In 
the case of an engine combustion at constant volume means that Icombust ion proceeds at such 
high rate that the piston has practically no time to move during combustion* Such a 
combustion 1$ obtained when the piston is passing top center. The advantage of this method of 
fue1%ombuft1oa Is a high thermal efficiencfy. Its disadvantage is a very sudden pressure 
increase and resulting noisiness of the' engine. Such combustion comes dose to tnat of a 
spark- ign 11 ion gasoline engine. ' 'v 

» 

* ^ • 

Cofnbustlon at constant pressure means that during combustion the temperature Increases 
at such a rate that the resulting increase of pressure Is just enough to counteract the^ 
Influence of the increasing volume, and the pressure does not change. The heat lynergy 
developed by the fuel goes partly into an increase of the gas temperature and pantly Into 
performing. outside work. In the case of an engine with constant pressure combustjNon, the fuel 
Is burned so that the pressure attnalned at the end of the compression stroke Is maintained 
during the greater part of the combustion event. Such a combustion was used in th? original 
low-speed, a1r-inJect1on tliesel erwine. ItCiidvantage Is a smoothly running engine producing 
a more even toifque due to the extended combustion pressure., However, it is not suitable for 
high-speed diesel engines. 

High-speed diesel engines of the present operate t)n a cycle which is approximately a 
combination jof the above two methods. Part of the fuel is burned rapidly almost at a constant 
volume near the top dead center. The rest is burned while the piston begins to move away from 
the top center. However, the pressure does not remain constant, but usually Increases and 
then decreases. In genisral, this cycle more nearly resembles the constant-vblume combustion 
cycle than the cycle of the original diesel engines. Its advantage is high efficiency with 
low fuel consumption. Its drav^back is in the difficulty of preventing rough and noisy 
operation of^ the eng^ine. . 

EXERCISE: ^ Answer the foUowlrtLKiuestions and check your responses egalnst those listed at 
- * the end of thiss stfidy unit. 

, 1. , A- two-stroke cycle is'comp Toted in revolutions of the crankshaft. 

/ ■ ' - ■ t 

a. ipne v * , % c. three i 

b. nvo » ^ d. four ^ 

2. A^our-strpke , cycle is con^)leted in revolutions of the crankshaft. , / 

'-^ a. one c. thrii 

b. two * , d. fourf 

^ 3. The^fllling of the cylinder with a fresh* air c|iarg« is Called 

a. pressure, c. rep^lenishm^nt. 

b. scaveng4ng. d. Intake stroke. 

4.' A series of events ihat reoccur regularly and in the same sequence i§ kfrown as a 



a. stroke. . 

b. crank. 



c. cycle. 

d. power stroke. 



5. The four events that take place in the operation of the diesel engine are the - 
intake of fresh air, combustion of the fuel, and 

coinpresslon and release. 

b. exhaust and compression. 

c. exhaust and detonation. - 

d. . detonation and compression^. 

6. Shortly before the piston reaches bottom dead center in a f our-strokeicycle 
engine, on the third stroke the 

a. fuel-Is injected into the cylinder. 

b. exhaust valve closes. 
D. exhaust value opens. 

c. outside air is being drawn into the cylinder. ^ ^ 

7. The major advaiitage of the two-stroke cycle engine is thit 

a. it reaches maximum speed quicker. 

b. it eliminates the )Bxtra up and down stroke. * . 

c. the pressure in the cylinder is less. 

d. it shuts down much more quickly. ' ' 

8. Explain the compression ratio of a diesel engine. 

c 



9. Explain why either a high or low compression , ratio is better for use^ in a diesel 
engine. , 



10. The two methods of burning the fuel in the engine cylinder 
are or ' . 



11. From the illustration below Identify each of the four-stroke cycles shown.- Place 
your answer in the spaces provided. 




Work Unit 2-2. THE DIFFERENT MEtHOOS OF SCAVENQI4<G 

GIVEN A SPECIFIC SITlvill ON, IDENTIFY CROSS-aOW SCAVENGING. 
QIV|N A SP^FIC .SITUATION, IDENTIFY RETURN-aOW SCAVENGING. 
GIVEN A SPECIFIC SITilATION, IDENTIFY UNiaOW SCAVENGING. 

GIVEN A rf>EC)f I* situation', IDENTIFY TWO METHODS OF PROVIDING AIR PRESSURE TO THE 
CYLINDEI^;V . y « 

General. Figure 2-2 Illustrates on« of several methods of cylinder scavenging. In 
sdhie engines €Ke exlwiust ga^es ard'Met out through ports, uncovered by the piiton the sarte as 
the scavenge ports. There are three basically different methods of scavenging: direct or 
crossflow scavenaina (fig 2-4), loop or return-flow scavenging (fig 2*5), and uniflow 
scavenging (fig 2-2). 



\ 





Fig 2-4. Direct cross-flow scavenging 



Fig 2-5. Return or loop scavenging. 



a. Direct or cr oss-flow . In direct or cross-flow scavenging (fig 2-4) the piston 
uncovers first the exhaust ports, e, and releases the pressure; going down farther, the piston 
uncovers the scavenge ports, b. and begins to admit slightly conpressed .air whose stream is 
directed mainly upw« as indicated by the arrows, and thus pushes out the exhaust gases , 
throuqh ports e. Having passed the dead center, the piston first closes the sqavenge ports 
and soon afterward the exhaust ports. The faot that the exhaust ports are closed after the 
scavenge ports, permits some of the air charge to escape from the cylinder. This is a 
disadvantage of the scavenge method. However, it has the definite advantaae of simplicity of 
construction and maintenance dueSo absence of valves which must be kept tight. 

b. Loop or r eturn-flow . Loop or return-flow scavenging (fig 2-5) *is similiar to 
cross-flow scavenging in the sequence of the port opening^ The direction of air flow is 
different as indicated by the arrows. Its advantage is that the bulky scavenge-air and 
exhaust-gas receiver are located on one^ side of the cyl^rider, thus jiving better _ 
accessibility. This method is particularly suitable foA double-acting enaines, because the 
operation of the exhaust valves (fig 2-5) for the lowe^/combustion ^ 

conplicated. When used for double-action engines [p^l^), the scheme is ;>in)proved by the 
introduction of rotaVy exhaust valves, r. During ttie release of the exhaust gases, valve r is 
open but is being closed when the piston qn the reium stroke covers the scavenge ports. This 
arrangement eliminates the escape of air charge dOr\ng the beginning of the conpression stroke 
when the exhaust ports are not yet covered, lome ttjw after the ^^haust ports are covered by 
the piston, the rotary vlTve i^ opened, getting tt ready for the "{xt cyjje. Aj/^own i^ 
figure 2-6, the length of the piston is exactly equal to the length of the stroke. Th J* is 
done in order to cdntrolj the exhaust and scafenge events alternate.ly by the upper and lower 
edges of the piston. 




Fig 2-6.> Return scavenging In a double-acting engine. 

c. Unlflow scavenging . The opposed- piston method is shown in figure 2*7. The lower 
P^^ton controls the exhaust porjts, the upper one the scavenge ports. To obtain the necessary 
preliminary release of the exhaust gases or an uncovering of tne exhaust ports ahead of the 
scavenge pms» the crank of the lower crankshaft Is advanced 1n respect to the crank of the 
upper crankshaft. The lower crankshaft leads the upper crank' bjf some 10 to 15 degrees. In 
this way the exhaust ports arg opened first (fig 2-7a). When the pressure Is sufficiently 
lowered, the scavenge ports aire uncovered (f la 2-7b), and scavenging begins to take place. 
After the exhaust ports are closed, more air is admitted (f 1g 2-7c) until the scavenge ports 
are also covered and compression of the air charge takes place (fig 2-7d) . Just before the 
pistons reach the point at which they are closest together, fuel Is injected, Ignited, and 
bums while the expansion stroke starts (fig 2-7e) . The power delivered by the upper pistons 
to the upper crankshaft Is transmitted to the lower main crankshaft by means of an 
Intermediate vertical shaft and two pairs of bevel gears. The Advantages of this method' are: 

(1) Very efficient scavenging of the cylinder and hence greater power Is developed. 

(2) Absence of valves and valve-operating gears.. 

(3) Absence of cylinder heads which ar* conp Heated castings and a source of trouble - 
In engine operation. 

(4) Good accessibility for the Inspection and repair of p^irts, with tte exception of 
the lower crankshaft. 

- - . 

The two scavenge methods shown in figures 2-3 an4 2-7 are classified as unlflow 
scavenging. In both cases, the exhaust gases and scavenging air are flowing' In the same 
direction with less chance for formation of turbulences wich are unavoidable with cross- and 
re£urn-flow scavenging. " - 
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Fig 2-7. Opposed-piston engine oReratlon. 

y two methods of providing a1< pressure to the cyllndfer. These are 
In the crankcase and by using ;a pump. 



Conpression of air In the crankcase takes place through ii^check valve. The descending 
piston creates a back pressure on Its expansion stroke. Th Is. mo veinent causes the check valve 
to close. This method produces little air pressure and Is generally used only on The 
tv/o-stro^e cycle engine. ^ ' 

/ Thelumps that are used come in may varieties but they all fall into a general 
category of cteing either blowers or superchargers, T^hese^ be govered later within this 
study unit. ^ ' ' 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. ^ 

Identification (items 1-3): Identify the three methods of scavenging as given in the , 
situations provided below. * • * ^ 

M. The piston uncovers first the exhaust ports, and releases the pressure, poing 
down farther, the piston uncovers the scavenge ports and begins to admit slightly 
conpressed air, whpse stream is directed mainly upward, an thus pushes out the 
^haust gases. ' ; , 

a. Return-^low scavenging p. '' \ 

b. Uniflpw scavisnging 

c. Cross -flow scavenging 

2. The sequence of the port opeajngs 1s the same as in the first Situation, but the ' 
air flqw Is different. ^The^alr port and exhaust gas port are located 'on the Same, 
side of the cylinder,, thus giving better accessibility. 



a. Return-flow scavenging 

b. Unl-flow scavenglna 

c. Cross-flow scavenging 
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3. 



The ]<mr pistons control th« exhiutt ports and th« upper one the scavenge ports. 
In order to obtain the proper sequence for intake and exhaust, the loner 
crankshaft will precede the upper crankshaft by 10-15 degrees. 



a. Return-flow scavenging 

b. Uni-f low scavenging 

c. Cross -flow^ scavenging 




4. The tvb methods of providing air pressure to the cylinder are by the use of a 



a. auitp and a blower. 

b. blower and « §Mperchftraer. A " ' • 

c. punp And cpnjpression of air in the crankQ^se. ^ 

d. supercharger aftd compression of air in the cylinder. ' 

Work Unit ^-3. THE DIFFERENCES IN A COM>ARI SON'^BETWEEN THE GASOLINE AND DIESEL ENGINES 

STATE tCCHANICAL SIMrCARITIES BET^EN GASOLINE AND piESEL ENGINES. . 

• STATE THE MAIN DIFFERENCES IN PRINCIPLES OF OPERATIOii BETWEEN GASOLINE AND DIESEL 
ENGINES. V ^ . 

General mechanical construction .' TKe diesel engine is mechanically similar to the 
gasoline engine but Is neavter in tonstructTon. Both engine types use , air, fuel, coirpresslon, 
and ign^ition. Intake, coffiipression, power, and- eNhetfst occur in the same sequente. 
Arrangements or pistons, connecting rods, and^crankshafts are simillar. Both are internal 
combustion engines: that is, they extract energy from ^ fuel -air mixture by burning the ' 
mixture inside the engine. ^ ' .. a . 

Fuel intake and Ignition of fueNair mixture . In principles of Operation, the 4a!in 
differences between gasoline and diesel engines (fig 2-8) are the two different methods of 
Introducing the fuel into .the cylinder and of ianiting the fuel -air .mixture. Fuel and air are 
mixed together before they enter the cylinder of a gasoline engine. The mixture Is comressed 
by the upjstroke of the piston and is ignited, within the cylinder by a spark plug. (Devices 
other than spark plugs, such as "firlna tubes," are sometimes, used! Air alone enters the 
cylinder of a diesel engine. The air Is cotnpressed bj{,the upstroke of the piston and the 
diesel fuel is injected into the combustion chamber near the top of the upstrolice (cqin)ression 
stroke). The air becomes greatly heated durina^ompression and t(ie diesel fuel ignites and 
burns as-it is Injected into the heated air. No spark plug is used in the dtesel engine; 
Ignition is by contact of the fuel with the heated air, although "glow plugs" are used in some 
models of diesel engines to assist in stiir^iiig. Pressure developed by the compression stroke 
is much greater in the diesel engine. Ror eiAch pound of pressure exerted on the air, there 
will be a temperature increase of about (ZOOF/. At the top of the compression stroke (when 
pressure is' highest), the teeperature in U<el chamber vflll be about KOOO^F. this hqat 
ignites the fuel almost as sopn as^^lF Is Injected into the cylinder. The piston, ac^toted by 
the expansion of burning gases, tmn moves down on the powe** stroke. In a gasoline engine, 
the heat from conpression Is npt^nough to ignite the fuel-«1r mixture and a spark plug is- 
necessary. ^ , . 
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Fig 2-8. Conparison of sequence of events in diesel and gasoline engines. 

Control of speed and power . The speed and the^oower ootput of diesel eilgines *re 
' . controlled by the quantity of fuel Injected into the'*^1nder. This Is opposedito the cqimon 
gasoline engine which controls speed and power output bi^limiting the amount ojr air, admitted 
to the carburetor. The difference is that the diesel engine controls the quytity of futel, 
whereas- the gasoline engine regulates the. quantity of alrV In the diesel engine, a varying 
amount of fuel is mixed with a constant, amount of compressed air inside the cylinder.- A full 
charge of air enters the cylinder on each Intake stroke. Because the ouShtity of air is 
constant, the amount of fuel injected determines power output and speed. Atf long as the 
amoufit of fuel injected .is below the maximum established by the manufacturer in designing the 
"engine, there is always enough air in the cylinder for conplete combustion, A device in the 
carburet6r of the gasoline engine ctfntrols' the amount of air admitted. The amount of air and 
its velocity, in turn, control the quantity of fuel that is picked up and mixed* with air to be 
admitted to the cylindeV. The amount of mixture available for combustion determines power 
output and speed. It is apparent, therefore, that the controlling factor is the quantity and 
velocity of air passing through the carburetor. ^ * 



;' ^Combust1on j ^rocess . 



(length of 
throughout 
piston is 
about the 
volume inc 
these fact 
combustion 



In the d'iesel engine, there' is continuous combust 1pm during the entire 
the power stroke. Pressure resulting from combustion remains approximately constant 
the ftroke. In the gasoline engine, however, combustion Is completed while the 
at the upper part of 1tsjtrave^\ This means that the volume of the mixture $t Ays 
same'during most of thw^combuwon process. When the piston does move down and the 
reaseC there Is little add1tionalN:offlbust Jo^ to maintain pressure. Because of 
s, theVycle of -the gasoline engine >s of^n referred to as having const ant- volume 
while the dieffel cycldT is said- to hayh constant-pressure combustion. 
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EXERCISE: An$wer ^he following questions and .check your responses against those listed at he 



1. 

1. 
3. 



end of t^ls study unit. 

. \ 

The deslgfii of the gasoline diesel engines are similar, but 
the ? ) is heavier In" weight. 

Both engine types use a1r» fuel, ignition, and 



In both engines, intake, compression, power^ and exhaust occur 
in , . 



r 



4. 
5. 
6. 
7. 
8. 



There are similarities In the arrangement of pistons/ connecting rods, 
and . ' 

The control and speed of the engine is controlled by the 

quantity of fuel Injected Into the cylinder. 



engine is controlled by the amount 



The control and speed oft the 

of air provided to the carburetor. ~ 

Combustion Is completed while the piston Is at its uppermost point of travel in 
the . engine.- 

Combustlon continues for the length of the power stroke in the 

ejaglne. 



Work Unit 2-4. THE MECHANICS OF PISTON AND CRANK TRAJti^ 



EXPLAIN THE MOVEMENT OF THE PISTON, 



V 



IDENTIFY INTERTU.' 

IDENTIFY ONE FUNCTION THE FlYVHEEL. 



The movements of the<. piston are transmitted to the crankshaft by means of a connecting 
rod. These three members (piston, connecting rod, and crankshaft) transformed the up and down 
motion of the piston, called reciprocating motion. Into rotary motion. For all practical 
purposes, the travel of the crankpin can be considered to be ai uniform motion along a circle 
described with the radius equal to the length of the crank throw, 

/ 

While the crankpin traveV Is uniform and has a constant velocity, the piston, travel is 
not uniform and the piston speed constantly varlesi, At each dead center, the pistort comes to 
a standstill; its speed becomes zero. As the piston begins to move, the speed gradually 
increases and reaches a maximum j^hen the angle (a) (fig Z-9) formed by the crank and the 
, cylinder centerlln^ is equal to 90^. After the position, the piston speed begins to 
decrease and at th^dead center again becomes zero. ^ ^ 



CRANKSHAFT 
CtNTCRtiNf" 




MAXIMUM SF>CCO 




CYLtNDfcR 
CtNTthLiNt 



CRANKSHAFT 
CEMtRLlNt 



% 



Fig 2-9. Piston speed. 
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Inertia Is th« rtslstance of a body to change 5f motion. It 1$ the tendency of Sn 
object to remain stationary^ or to continue to mov6 If H is moving. Inertlal as such cannot 
be measured directly; however* It can be expressed In terms of the force whjph must be applied 
to a body In order to change Its velocity. As with any force, Inertlal forces are expressed 
In pounds. Since the change of velocity Is called acceleration, Inertia may be defined as 
being equal to that force which must be applied to 'a body in order to impart to it a certain 
acceleration, either to speed it up or to slow it down as the -case may be. The force of 
Inertia of a body depends upon the rate of"ct>ange of its velocity. The shorter the time 
during which a change takes place, the higher the required acceleration and the greater the 
force of inertia becomes. . ^ 

A flywheel stores up energy during the working stroke and gives it back during the 
rest of the cyple. It serves four main purposes: (1) to Keep the variations in speed within 
desired limits at all loads; (2) to limit the Instantaneous rise or fall |n speed during 
sudden changes of load; (3) to carry the pistons over the compression pressure when running at 
1^ or idling speed; (4) to help bring the engine up to speed when starting. 

In multlcyllnder engines, the torque at the end of the crankshaft becomes more 
uniform, and the required weiaht of the flywheel becomes very small. The cranks, crankpins, 
and large ends of the connecting rods have considerable weight and exert the same Influence as 
a flywheel. Therefore, in some large, multlcyllnder, marine dieSel engines, flywheels are not 
necessary and hencffi are not used. 

Answer^e following questions and check your responses against those listed at , 
the end/of??th1s study unit. » ^ 



E»ff lai^ the movement of the piston. 



X 




2. The resistance of a body toY^hange ]n motion i trailed 

a. * stationary. c. tendency*,. 

b. inwtia. ii» d. acceler^itionS 

* '^a. Which of the following' is a function of (he flywheel? 

a. To store energy throughout the cycles like a battery 
t. To iiluwinate the limits of torque rise . 

to regulate the combustion of the fueT ^ 
d\To help bring the engine up to speed when starting 

Work Unit 2-5. COr«USTION AND I6(<ITI0N DELfltA 

IDENTlFHf JGNI^ION DELAY. J 

''DESCRIBE C0J6USTI ON m THE DIESEL 4llGINE. » ^\ 

' Regardless of how finely atomized the fuel injected into the combustion Sfvac^ of the 
cylinder filled with hot air is, it takes some time before the relatively cold fuel spray 
i becomes heated and vaporized^ enough to Ignite and start burning. This time element is rather 
small when expressed as a fraction of a ;secondi but quite noticeable when referred to as the 
number of degrees the cr^nk travels between th6 moment when the fuel is introduced into the 
cylinder and when the first particles of it are 'Tjgnited. Thi^ time element is callea Ignition 
delay or ignition lag and amounts to several degrees of cripink travel. ^ 

After ignition has started, the fuel, wliM by this time has already been introduced 
in the cylinder, will burn. This combustion u$ua)ly is acconpanled. b« aTather quick pressure 
rise. In the neanVlmn, the pump continues to deiliver fuel, and during the third period of 
combustion, the fueVburns more or less a? .It is introduced. However, siflce the supply of 
oxygen in the air charge gradU)Billy is being used up by the cowbustion, th* fuel particles , 
introduced toward the end of the injection have more difficulty meeting ^ necessary 
• particles of oxygew. Combustion is consequently retarded and, when injecrion Is terminated, 
some unburned fuel is still present in the cylinder and continues burn. The piston by this 
. time has moved awa^ form the dead center and its speed increases; thereforer the pressure 
begins to fall in Ipite of additional heat being developed by the rest of the fuel. 
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whole procedure (Can be Illustrated by the pressure-crank angle diagram (fig 
2-10). Point A Is the start of the Injection, Aoint B Is where Ignition occurs* and period 
A-B Is Ignition delay, Up to point 6 the pressTre rises very fast, ^Period B-C corresponds to 
burning of th6 fuel Introduced up to this point and represents the first or uncontrollei^ 
canbustlon. From C to D the fueVburns more or less as It Is Intf^oduced, giving the second or 
controlled combustion.; From point D the fuel burns wlth^the pressure dropping - thi? is 
after-burning. After-byrning may contfnue through a comfaerable distance 6f the expans^n 



stroke. 



/ 




OCOMI* CAAM|l( MMil Oft T(»CCO«tO>} 



Fig 2-10. Pressure-time diagram of combustion process, ' 

The highest thermal efficiency ,1s^obt»ined from the fuel which burns at the highest 
compressipn ratio at top center. In practice, burning of the fuel must start before top dead^ 
center and be completed after top dead center. The shorter the period of combustion, tne 
higher the thermal efficiency, and the lower t\\p fuel consumption. However, an excessively 
short burniiit) period requires a fast pressure rise and produces high maximum pressures. This 
is undesirable as far as the quietness of engine operation, pressures, and stresses in various 
engine parts are concerned. 

In order to obtain efficient^ smokeless combustion, the fuel injected into the 
cylinder|must be broken up Into very fine particles and must be well atolffized> and the fuel * 
particlelmust be distributed uniformly through the whole combustion space. In air-Injection^ 
engines, we di-stributflon of the fuel Is acconplished through a thorough mixing of the 
injection air carrying the atomized fuel with the air in the cylinder. In mechanical or 
solid-Injection engines, distribution Is aqcomlished' by u-slng nozzle tips with several holes 
and by directing the fuel sprays so as to reach the desired portions of the combustion space 
or by using pintle-type nozzles with a cone-sliaped spray. In larger engines,, fuel Is 
distributed better by using two or more separate fuel *nozzleS, each having several holes or 
fan-shaped sprays.- However> fuel distributed by separate sprays Ms not sufficient. Fuel 
distribution In the air charge Is improved' by stirring up the a-lr in the combusti4)n space and 
by creating air turbulences, thus m1)f1ng air having too much fuel with afr which does not have 
any fnpl. ^ . ' ^ 

While theoretically Tib of air Is suff icientjto burn completely 0.065 lb of fuel oil, 
actually not all of thp oxygen of the air will be reached by tl)e fuel particles. Hencje, only 
a smaller amount of fuel, on the average not over 0.052 or even 0.042^ lb, can be burned 
efficiently with 1 lb of air in the combustion chamber. 



leTici 



Turbul€/lk:€fs in the air charge help to reduce the amount of air not reached by the fuel 
particles and thus help to Increase the ^power output of the engine. Turbulences may be 
created by various means^ including special shaped of Utie piston crown or of the entire 
combustion chamber. Figure 2-11 shows exanples of different turbulent heads. In figure 2-lla 
\a turbulences are treated by restriction through which the air has to pass when the piston 
moves upward. The air velocity at the restriction is several times higher than before and 
after it, and the change of velocity creates a turbulent flow into which the fuel is Injected 
f^rm the fuel nozzle. Figure 2-11b shows a Recardo-Coment head used in Waukesha diesel 
engines; here turbulences are created npt only by the'restriction, but also'by forcing the air 
to travel ort a circular path. Figure 2.-1 Ic shows a turbulent head used in Hercules diesel 
engines which Is similad^jto the Ricardo head. However, it has an additional feature. When 
the piston approaches tlA adead center, It begins to cover partially the air passage between 
the cylinder and turbulence chamber. This increases the air velocity Jn the passage, and 
makes a more 'turbulent flow of air fnto which the fuel is Injected from the nozzle* f. 
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Fifl 2-11. Turbulent heads. 

Turbulence in a two-stroke eMihes is created by making the scavenge-air ports 
tangential or angled as shown In flgi^e 2-12. Note that a cir^cular movement of the air 
created durina scavenging continues up to the time of fuel injection^ in spite. of the fact 
that the air has been displaced from one end^of the cylinder to the other and compressed to a 
small fraction of its original volume. * * 



\ 





-1?. Turbulence in a two-stroke engine. 



Another method of creating turbulence is used in the so-called Lanova energy cell (fig 
2-13). The fuel is injected from the nozzle; a part of the fuel is atomized as it leaves the 
nozzle, ignites, and burns in the main combustion chamber. The rest is injected in a more or 
less solid stream into the so-called energy cell or minor afr cell. Here it fs atomized or 
broken up itf a fine mist form and Ignited. The resulting combustion raises the pressure in 
the minor air cell over the pressure in the mdin combustion chamber and, throws the bur^ned and 
unburned fuel back into the main chamber. This creates a strong turbulence (indicated by the 
curved arrows) and helps to burn the rest (tf the unburned fuel. 




EXERCISE: Answer tht f6l1ow4nQ questions <in<t check your responses against those listed at 
the end of this study unit. 

'i ^ ' '■ ' • 
1 . The ttm It takes before the cold fUeT spray Is heated to the conbustlon point Is 
knotfi as 

a. ^ time lag, c, retarded coiAustlon. 

b . 1 gi 1 1 1 on del ay . d . re tar de d 1 gn 1 1 1 on , t 

Zr- Turbulence in the air charge will 



3. Turbulence In the two-stroke engine Is created by 

i 



4. The contustlon chantoer that uses the energy cell principle Is the 



5. The hl^est thermal efficiency is obtained from ^ 

I- 

^ ' ^ \ " 

^ — ; - — — - - W - - ^-r— 

work Uhit te. IGNITION AND TIMING.: ' - ^ 

IDENTIFY CORRECT FUEL TIMING, ^ ^ ^ ■ \ ■ 

As alreacly explained, there exists a^rtain time lag between the time that the ftiel 
is iadected into the cylinder and the time tnat It ignites and begins to burn and raise the 
cylidpr pressure. This time lag, called ignition deUy, requires an ad\^ance of the fUel ^ 
injection several crank-bangle degrees efore tot) <le*d center. In addition, ,it should be noted 
that there Is another lag in the fiiel injection. The beginning of the delivery s^<^e of the 
injection pump is set to correspond to a certain position of the engine crartcshafi.X The 
fnjettion timing is checked by slowly turning the engine over. The actual adrtiission)pf the • 
fuel into the cylinder will start several crank-angle degrees later. The reason for thfs time 
lag is the fnechanlcal flexibility of the injection mechanism, taking up of clearances (between 
the various rollers, pins, and levers^ and the compressibility of the fuel oil, specially 
noticeable with a long fuel line. This lag is called injection lag and amounts als^ to 
several crank-angle degrees. ^ x . 

Both the igni^on lag and injection laa depend upon a nunber of various /acton and 
may. vary considerably from engine to engine. The following data obtained from an actual test 
may serve as an Illustration. In an engfne operating at 900 rpm, the injection was set to 

begin at 22^ before^ ^'^■^ r^ntAr /RrrW artUAl InlArtJnn ctArt/irl Ahniit I7O RTP. uhlrh alVM 

an ^nJect1on lao oi 



begin at 22" before- top center (BTCli; actual injection started about BTC v*iich gives 
>n laq of 5O; ignition started fiO BTC which gives an igniton delay of. 9O or a 
total lag of 14^ behind the nominal fuel timing. On the other hand, the pump deliv^y 
stroke was cut off at 3^ B^TC, but due to the expansion of the fUel Compressed in the ftiel 
line the. actual end of. injection occurred slightly after TC. - In other engines the.'UgVrofcy be 
greater or smaller, ^ . ^ 

The only way to determlne^the correct fliel timing is by operating^.the engine, changing 
the timing, and finding the timing at v^ich the engine operates best, i .eU has the lowest, 
fuel consumption, carries the hi{|hest loaAwlthout smoking; and runs the smoothest* Such 
timing is worked out at the factory, and Is given in the instruction book ^ The operator should 
maintain this timing unless the engine o^ierating conditions are radically ch an fled^ iuch as 
running the engine at a different speed or using a different fuel. In this case the proper, 
timing must be found again as mentioned before* 



The opening of both the exhaust and Intake valves occurs before the corresponding dead 
center^ and their c1 osing occurs after 1t\ The (Causes are partly In tlie mechanical lag of 
action du<r to clear wees which must be. taken up, and the flexibility of the long push rods and 
rocker arms but chiefly In the necessity of a gradual opening apd closing of the valves. 
Thus, an appreciable period of time elapses between tlie moment when the valve begins to leave 
the seat, and the moment when It has sufficiently. moved away form the seat to allow exhaust 
gases to pass from the cylinder. In the case of an exhaust valve, and air Into, the cylinder, 
in the case of ai) Intake valve. The same holds true for the closjng of the valves, but In 
reverse. Several crank ^gles before a^ valve touches Its seat, th^ passage becomes so 
restricted that the flow of ^ases practically stops. The gradoal opening and closing Is 
necessary to overcome tiie forces of Inertia on the parts (kf th§ valve actuating mechanism 
without exerting undue pressures between the cams; cam followers, and various pins and 
bearings during the^Hkning of a valve and the pounding of the valve against Its seat when the 
valve is being closcfd. 

The be^t timing depends upon a nuni>er of factors such as\valve lift, shape, of cam, 
.speed of engine, and restrictions in the cylinder head pass^ages, Whe proper timing is found 
and set when the engine is 'tested at the factory and is given in khe manufacturer's 
Instruction book. The proper timing should be malQ^ toi ned and^-ehfecked in operation. Even a 
sli^t change of the clearance* between the cam and tFTfe cam followers,, which pan occur vAien^a 
' valve is ground or when ttie valve actuating mechanism is disassenbled and put together without 
careful ' checking, will afreet the timing. An increi^se of the clearance will retar«l the 
opening of a valve and acVance its closing, A decrealse of the clearance will act in the 
opposite direction. An excessive decr«}se of the clearance may prevent the valve from seating 
properly wilt) all related consequences such as loss o? power or burning of the valve seat/ 

The same nmarks apply to the timing of the exhaust valves of two- stroke engines. 




EXER(;iSE: Answer thVfollowing questions and check your responses 'against those listed at 
« the" end of rhis stud|y unit^ 



1 . Ty'o 
--i^Tmin 



oniy^^ay to find correct fuel timing is by operating the engine, changing the 
g and 



a. finding the best timing for the operation of the ett^ine. 

b, . removing the incorrect timing form, the engine. 

c, reading the appropriate* mark on the flywheel. . 

d. locating the ignition lag within the enrgine. 

» \ ' ' 

2. The best timing depends on a punnber of factors such as the shape of the cam, sp^ed 
of the .engine, t;estr1 ctions in the cylinder head passages, and the 

a, correct la^nter rating, c, valve lift, 

&) piston design,. d. crank angle. * 

Work Unit 2-7. SUPERCHARGING ' ' ' . 

IDENTIFY SUPERCHARGING. ^ . . 

THREE BLOWERS. 

EX>LATM TURBOCHARGING. 

Supercharging is an Increase in the power which an engine of given piston displacement 
aad speed can develop. Since the power in a diese) engine is developed by the burning of 
fuel , an, increase of power requires that mOre fuel be burned. Therefore, more air must be 
available since each pound of fuel requires a certain amount of air. A given volume will h( 
a greatir weight of any gas incl uWng air, if the gas pressure is increased. Thus, 
supercharging means a higher pressure of air charge in the cylinder at the beginning of 
compression stroke. In order to increase the air pressure jn four-stroke engines, the ai 
charge 1^ not sucked into the cylinder or, as it fs called, is'not. adni tted due to nature 
asporation by the receding pistqn. The air charge is pushed in Instead by a higher pressure 
created by a separate air pUmp or blower. There ace three types of bldwers used: (1)^ ^ 
reciprocating piston ^pumps similar to an air compressor; (2) rotating posltlYe-dispTacemenf 
blowers of the Roots-bl wer^if&ype; and (3) centri fugaV 'high-speed bl ewers similar to 
centrifugal pumps, - ^ 




^When;a supercharger 1$ applied to a four-stroke engine^ the main change required In 
'the engine design Is a change In timing of the Intake and exhaust valves. The Intake-valve 
opening time 1$ advanced and the exhaust-valve closlrtflNs retarded. JhQ Jtwo valves are 
design^ t<rstay open simultaneously for about 80 to 160 degrees^ the selection depending upon 
the normal engine speed. This simultaneous opening Is called overlapplno.^ Test have shown 
that an overlap of 40 to 50 decrees Incrieases the power output of an engine about 5* percent If 
the supercharging 1s very small. This Is sufficient only to eliminate the vacuum In the 
cylinder during, the suction stroke. The power output of an engine Is Increased up to 8 
percent with a supercharger pressure of 12 Inches mercury, as compared to an overlap of ip to 
20 degrees comnoniy used In wnsupercharged engines. The total power gain due to supercharging 
varies form 20 %o 50 percent depending upon the supercharging pressure. In present-day naval 
engines this varies from 5.0 In to about 12- Inches mercury. 



It should be noted that, simultaneously with an Increase ,of the mean effective 
pressure, supercharging also Increases the maximum or firing pressure and the maximum / 
temperatures. On the other hand, the. fuel consumption per horesepowar-hour (hp-hf) usually 
decreases with supercharging due to an Increase of turbulence and hence better mixing of the 
fuel with the air charge. . ' 

Two-strol(e enqines usually have a blower to obtain scavenge air and their 
supercharging Is obtained simply by Increasing the amount , and pressure of scavenge alr^- In 
addition, a slight chance of the exhaust and scavenge timing Is made In order to retain more 
scavenge air at the beginning of the compression stroke. 

Turbocharg Ing llj^ch like supercharging. The difference lies. In the design. The 
tiirbocharger uses exhaust gases to p^ropel the compressor which provides the high air' ! 
pressure. The net result Is the same so don*t be confused by tne different terms. 

EXERCISE: ' Answer the following questions and check your responses against those listed at 
* the end of this study unit. - 



An Increase In the power which an engine of given displacement andspeed can 
develop Is the object of ' 

a . 1 nert 1 a . c . supercha rg 1 ng • 

b. gdverning. d/ vacuum. 

^. Supercharging may be done 'hrough the use of three blowers. Name these three 
blo\/ers. ' • y , 



^0 

ir — " : — — ^ • 

3. Explain turbocharg Irtg. \ 
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Answers to^tudy Unit 12 Exercises 
Work Unit 2-1. . 

1. a. • ■ 

2. b. 
' ' 3. b. 

4. c. 

5. b. .. . - ' 
/ . b. 

8. Volume in one cylinder .with the piston a^ 6DC divided by the volumewith the 
p'iston at TDC. - ■ o. ' 

9. The higher the compression ration, the.MgherThe thermal efficiency if the 
engine, and the lower its, fUel consumption. - 

10. Constant volume and; constant presisur<r~ * - 

11. a. intaloh * ' . , 

b. compression * * . 

c. power- , 

d. txhayst - 56 ' \ 




Work Unit 2-2. 



1. e. 

2. «. 

3. b. 

. 4, c. _ ^ 

Work Unit 2-3. ' 

1. diesel engine 
- 2. compression ^ - 

3. same sequence 

4. crankshafts ^ 

5. diesel ^ 

6. gas " 

7. gas * . 

8. diesel .. . ) ' 
Work Unit 2-4. . 

1. Movements of the piston lire transmitted to the crankshaft by rjeans of a^ connecting 
rod. By these three members, the up and down motion (reciprocating) is 
transformed into rotary motion. 

2. b. 



1. bu ' ' ' 

2/ help reducfi^Abe amount of air not reached by the fuel charge (particles) and thus 
help to incwpp the power output of the engine. 

3. making the SCT^ronge air ports tangential 6r angled. This creates a circular 
movement of air that continues up to the time of injection. 

4. Lanova combustion chamber 

^ 5. fuel burned at the highest compression ratio at top.^dead center (TDC). 

Wdrk Unit 2-6. - 

♦ 

1. a. * , 

2., . c. • , 
Work Unit 2-7. - - ' . , ' / 

' * \ 

. 1. c. ' \ 

2. Reciprocating piston pump, rotating posit iYe-displacemerft^blower, and centrifugXl 
high-speed blower /■ . 

3. The turbocharger uses exhaust gases to propel the compressor which provides the 
high air pressure and achieve the s«me end r^syit'-crs the supercharger. 



3. 



d. 




Work Unit 2-5. 




STUDY UNH 3 



. . JNJECTION ANP COI^t^lJJjl, OF THE DIESEL ENGINE 

STUDY UNIT OBJECTIVE:- WITHOUT THE AID OF REFERENCES, YOU WILI, IDENTIFY THE 
COMPONENTS AND PROCEDURES USED IN COMMON FUEL INJECTION SYSTEMS. IN ADDITION, YOU 
WILL IDENTIFY THE COMBUSTION AND GOVERNING OF POWER AND THE COMPONENTS THAT EACH 
ENGINE WILL HAVE AS CONTROL MECHANISMS. _J , 

Work Unit- 3-1. FUEL INJECTION- SYSTEMS 

LIST THE FIVE MAIN REQUIREMENTS FOR INJECTION OF FUEL." 

^^^DENTIfY f\<0 METHOPS OF FUEL INJECTION. 

The fael injection system, in delivering the fuel to the combustion cltiamber, must 
fulfill the following main requirements:' 

^ V 

Meter or measure the correct quant ity^ fuel. 
Time the fuel injection. 
Control the rate of fuel injection. 

Atomize or breakup the fuel into fine particles according to the type of 
combustion chiimber. " 

Properly distribute the fuel in the* combustion chamber. ^ * 



a. 

b. 
c. 
d. 



- e. 



TheVe are two different methods of fuel injection:, air injection and^mechanical or 
solid injection. * Solid injection can be subdivided into three distinctly 'different groups: 
(1) common-rail, (2) individual-pump, and (1) distributor systems. The mpans of fulfilling 
the five requirements listed above vary aqpfrding to the system ^sefl .a»d are shown In the. 
following table": * 

* 

Table 3-1. Injection requirements and systems.. 



Requirement 


' Atr-Injection 
' System 


^: • • — — — 

Mechanical InjectionSystems * 


^ . ■ 
Individual 

Common-Rail Pump Distributor 


Metering 
Timing 

Injection rate, 
Atomization 
'Distribution 


Pump 

Fuel cam 
Spray valve 
Spray valve 
Spray valve - 


Injection valve 
fui^ cam 
Injection valve 
Injector tip 
Injector tip ^ 


Pump 

Pump cam 
. Pump cam 

Injector 
* Injector 


Pump 

Fuel cam 
Fuel cam 
Injector 
. Injector 



a. ftletering . Accurate metering or measuring'of the fuel means that, for the same fuel , 
cQfitrol setting, exactly the same quantity of fuel mus't be delivered to each cylinder for each 
power stroke of the engine* Only in this manner can the engine operate at uniform speed with 
a uniform^ power output. • . 

b. Timing , ^Proper timing means beginning th^ fuel injection, at the required moment, ^ 
This i,s essential in order to obtain the maximum power for the fuel-air mixture and thus 
insure fuel economy and clean burning. WJ>en th^ fuel i5 injected too early in the cycle, 
ignition may be delayed because the temp^ature of theair at' this point is not high enough. 
An excessive delay gives rough and noisy operation of the engine vand , also permits some fuel to 
be lost due to wetting of thfe cylinder walls and piston head- This in turn' results In poor 
fuel economy, high exhaust gas temperature, and smoke in the exhaust. When fuel is ir)jected 
too late in the cycle, all the fuel will hot be burned until the piston has traveled wel^ past 
top center. When this happens, the engine will not develop its maximum power, the exhaust 
win be smokey, and the fuel consumption will be high. " ^ 

' ^ c. Rate of .fuel injection . The rate of fuel is import an'^or the same reason that 
correct timing is important. If the start of tfie injection is correct, but the rate of 
injection is toQ high, tbe^MSults will be similar to an excessively early Injection; if ttie 
rate is too lowV^be resq^ff will4^ similar to jn .excessively >*te injection. 




to an 
5^e 



d. Atomization ., Atpmimlan^of fwel mus^e according to the type of combustion chamber 
in use. Some chambers require very fine atomization; others can operate with coarser 

atomization. Proper atortilMtion aids the starting of the burning process and insures thst. , 

each minute particle of the fuel will be Surrounded by particles of oxygen wUh which it can 

combiner A more detailed discussion of atomization IS given in work unit 3-2. ^ 



e. PUtrlbMtlon . Proper distribution of the fuel must be obtained so the fuel will 

penetrate all parts of the combustion chamber where oxygen Is available for combustion. If 

the fiml 1$ not properly distributed, some of the available oxygen will not be used and the 
powers output of the engine will be low. 



In order to be practical, the fuel Injection system, and especially the high-pressure 
pump, must have the following additional features* _j 



a. Maintain Its adjustment for a reasonable period of time, not lose It due to the 

ylbratlon connected with the high engine speed, 
b* Be economical of' power. ^ 

c. Be light and not Igo bulky, especially In smfK^nglnes* \ * ^ 

d. Be quiet In operation. ^ ' ^ . < ^ 

Air Injection was used In early diesel engines; at present It Is seldomyjsed and on)y" 
for large engines operating on h6avy viscous fuels. 

In air-Injection engines, the potential en^gy of the compressed air Is converted Into 
kinetic energy. This kflnetic energy of the expanm^ air Is used to feed the fuel Into the 
cylinder, from the spr»y valve, to atomize the fuel, and to create turbulence In tf^.<combust1on 
chamber for mixing the fuel and air. ^ t , » 



The air-Injection system-consists of three main elemertts: 

. The fuel pump for metering the fuel*. 

The compressor for supplying the Injection air. 
.* The spray valve„ 



a. Fuel pump , , The type generally used has a plunger for each cylinder the engine, and 
the quantity of fuel Is controlled by varying the effectlvlT length of the plunger stroke. The 
only function of the pump Is to meter accurately the required quantity of fuel and deliver It 
to the spray valve. ^ - - ' 

- b. The spray valve . Figure 3-1 shows a spray valve consisting of a needle valve held on 
llts seat by S heavy spring, atoml'zer disks with h(fles to break Up the fUQl and mix It with^the 
Injection air as both flow through the valve, and a flame plate with an orifice through ^which 
the fuel-air mixture is admitted to the combustion chamber. The needle valve Is Iff ted 
mechanically by a lever actuated by a cam on the cemshaft. . ' ^ 




I 



Fig 3^1. 



Tyi^ical air-Injection fuel jioule. 



The tilling and duration af injection are c(y)trolled by the fuel cab. The rate of 
^injection, the atomij^ation of the fuel* and the dfJtribution'ln the combustion chamber are all 
controlled by the number and sfze of the of^i/lces nKthe atomUer disks and in the flame 
platet and by the Injection-air pressure. lYijfectlon^NUrpressufes vary from 750 to 1|200 psit 
the usual pressure being about 1,000 psi. Air injectlonVulf ills the five main requirements 
adequately but has the following disadvantages: the compressor absorbs a comparatively large 
amount of poweii;, is rather heavy and bulky» and is not suitable for high-speedy small-bore ^ 
engines I . v , - * ^ 



EXERCISE:. Answer the following questions and check your rj^sponses against those listed at 
.the' end of this study unit. 

K List the five main requirements for the fuel injection system. 

a. ^ ^ • ^ 

b. ____ ' 

c. ^ 

e. [ ^ 

2. Two methods of fuel injection are 

a. diesel and gas. c'. air and solid. 

b. aiir and water* d. diesel and mechanical* 

« 

• 3. Three types of mech«nical Injection systems are , 

\ and . ' 

Work Unit 3-2. MECHANICAL INJECTION SYSTEMS 
. ■ IDENTIFY TH^ COMMON-'hAIL SYSTEM. 
IDENTIFY The pump INJECTION system. 
V ' \. STATE THE PURPOSE OF THE JERK PUMP, 
• IDENTIFY TWO TYPES OF FUEL NOZZLES. 
' DESCRIBE TWO TYPES OF CLOSED-END NOZZLES • ( . 
IDENTIFY IHymil INJECTOR SYSTEM. 

IDENTIF/JHE DISTRIBUTION SYSTEM. ' , 

As already ^ated^ all* mechanical -injection systems jnay be subdivided into three main 
groupiS: coimion-raiK tndividual -pumps, and distributor systems. The differences in 
construction in enginesjof different manufactures are such that it may 'help In their 
discussion to subdivide further the main groups. ^The comnwn-rail system may be divided into 
the basic system and a modification, such as thatused in Cooper-Bessemer engines. The 
individual-pump system may be divided into the original system, with a separate pump and fuel 
injector /or each cylinder, and a modification, in which the pump and injector are combined in 
one unit.' 

Atomization is a term applied to the breaking up of the fuel strfeam into mist-like 
spraysT With mechanical injections, atomization M obtained as follows: the'liquid fuel, 
subjected to a high pressure, passes through a small opening into the combustion space filled 
with air, the pressure of which is considerably lower.' -As a result, the fuel streams develop 
high velocity. This creates^ great friction between the liquid stream and the air in the 
combustion space. Due to th^s 'friction, minute particles of fuel are broken off the stream, 
then the fleshly exposed painticles are again broken off, and so on, until the whole liquid 
stream is broken up into very small l^articles or globules. Atomization literally means 
breaking up into atoms. Actually, each globule^ is* not one atom but consists of many Atoms. 
Therefore, the term atomi zati on ^ while an exaggeration, gives a general Idea of , the |1m of the 
Vprocess. " f 

y ■ ' ' ' ^ ' 

fn mechanical injection the distribution of the fuel in the combu»1on chamber, 
generally speaking, is obtained J)y two means^ penetration ^nd air turbulence. Penetration Is 
the distance throuqh which fueL particles are carried by the k^inetic energyjflivren to them when 
they leave the fuel nozzle. Friqtion between the fuel and the air in- the combustion space 
gradually absorbs this energy. Penetration depends upon various characteristics of the * 
fuel-injection system, ^chiefly^^upon the injection pressure apd the size of the nozzle hole, 
and is reduced by f iner^ atomi^!:at1on. Thus, the best oondltifions are obtained by a compromise 
between minimum necess9^y penetration ^nd the desirable fineness of atomization* 



Air turbulence; discussed in Study Unit 2 is independent pf the fuel injection system 
and Is only ap additional tool in obtaining good combustion. 

a. CoffW!on«ra11 lyfteffi . This system consists of a hiah-pressurc, constant-strolce and, 
constant-delivery pump which discharges into^v« common'r^ii or header to which'each fuel 
injector is connected by tubing. A spring-loaded by-pas\ valve on t h ejieader maintains a \ 
constant pressure in the system, returning all excess oilVo the fu^f^upply tank. The fuel \ 
Injectors are operated mechanically. The amount of oil injected intolhe cylinder at each ' 
power stroke Is controlled by the lift of the fuel admission valve. The operation of the 
injection system is shown in figure 3'-2. The fuel cam gives an upward motion to the push rod; 
through the rocker arm and Intermediate lever this motion is transmttted to the needle valve; 
the space above the needle valve seat is connected at all times with the fuel header .and 
sealed from the top by a, packing gland (fig 3-3)^ When the needle valve is liftetl from 'its 
seat, the fueljs admitted to the combustion space through' the small holes drfUed in the 
Ifijector tip below the^valve seat. Passing through these tiny holes, the fuel is divided in.to 
small streams which are bVoken up or atomized as previously explained. The amount of fuel 
Injected is controlled in accordance wtth the poweis requirement ty means of a wedge (fig 3-2), 
which changes the lash. When the wedge is pushed to the riqht, the valve lash is decije^sed. ' 
The motion of the cam follower will then be transmitted earlier to the push r*od. The- fuel 
needle will be opened earlier, closed later,* and its lift will be ^lightly greater! 
Therefore, more fuel will be admitted per cycle. When the wedge is pulled out to the left, 
the valve lash is increased. The needle valve will be lifted later and closed earlier,^ and 
less fuel will be admitted. The position of the control wetfge is changed either by the 
governpr or, in variable-speed engines, by hand.- The fuel-injectiqn pressure is adjusted td 
suit' the operating conditions by changing *the spring pres'sure in the by-pass valvl, called ^ 
fuel-pressure regulator. Fuel-injection pressures from 3,200 psi to about 5,000 psi are used 
at rated load and speed, depending upon the type of engine. In order to reduce thfli pressOre . 
fluctuations in the system paused by the intel^mittent fuel discharge from the pumpi^ and 
withdrawals by the fuel valves, the volume of the fqel in the system is 'increased/oy ittaching^ 
to the fuel header an additional fuel container called the accumulator^Mch has n relatively^ 
large capacity. The area past the «eedle-*valve seat and through the passage between the valve 
seat and the valve tip containing the orifices is' several times as large as\he are;^ through 
the* orifices on the tip. The control of thfe fuel jets is largely bj^he orifices. The valve 
tip commonly used with this system has Several holes or orifices, fr 




Fig 3-2. Contro] of fuel admission in a common-rail system. 





Fig 3-3. Injection nozzle for commoh'-r^ail fuel isystem. 




if( coflimon*ra11 system Is not suitable for h1gh-spedti» sma11-^Qre-^enf4nfT;v because It 
Is d1ff1c4i1t to control accurately the small quantities 0/ fuel Injected Into eachjcyllnder at 
eaiffi pov^r. . / j 

The Cooper -Bessemer system Is slmlllar but^dlffers from the original common-rail 
system chiefly In that the functions of the fuel needle valve are divided between two separate 
pieces of equ1p«nent» the fuel Injector and the Injection nozzle, as shown In figure 3-4. / 
'Jtnother difference lies ijn th^ fact that, the pressure regulation Is accoM|pl1shed by the ^ 
high-pressure puirip 1t«)Blf . ' * - 



fhe pm 
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)ump plunger^ on Its^ownward stroke, flrst^closes small holes that connect the* 
pump blr^rel^wlth the fuel admission lllb. A further downward motion Increa^s the oil 
pressure In the pump until It d|ens the spring-loaded discharge vi^lve andidellvers the oil 
Into the Injection system. During the return stroke the spci^f^g moves the plunger upward; this 
creates a vacuum. When the plunger uncovers the holes on top, oil from the suction side 
enters Into the pump. The oil from the fuel-bll pressure tank on Its way to the suction side* 
of the pump Is admitted first t(t the Inner side of a sleeve. This sleeve and a second sleeve 
surrounding It have two mating holes 1. BJT turning the sJ^feves, one relative to the other and 
to the housing, the amount of fuel admltti^ to the pump Is adjusted* to meet the load and speed 
requirements. The outer sleeve fs set and turned ^by the governor so as to admit the amount of 
fuel corresponding to the load cjkt]^d by the ensSne. The Inner^ sleeve Is turned by a 
mechanism set tff^ maintain a prescjnoe constant D<essure In the ^^stem. If the pressure, goes 
up, the sleeve Is turned , to decrease the effednve area of the opening between the two 
sleeves. The amount of fuel takenrby the pumj Is thus reduced, and^^s a result, the pressure 
In the system goes down. On the*>4ft;her hapd^hen the^pressure be54^s to drop, the sleeve Is 
turned In the opposite direction, the efreJtlve opealM^^ea Is Increased, more fuel goes 
Into the pump, and the pressure goes up. The InjoAlon nozzle consists of a sprlng-loaded^ 
plunger with a conical end which acts as a valve. It Is raised from Its seat by the oil 
pressure when the^valve in the fuel Injector Is openitftL T^e nozzle Is returned t6 its seat by 
the spring In tj?e upper part of the nozz^fe when the Injector valve is closed and the oil 
pressure betwej&n this valve and^^the narile begins to drop. A quick clo^tng to j^he InAectidn 
nozzle and elimination of after-dribbling of the fuelJnto the combustion space' Is obtained as 
follows: the lifter plunger Is drilled lengthwise at its c^ter from the valve end to a point 
In ll^e with the\ecess^1n the Injectorfbody (fig 3-4). Another hole, drilled at^ right 
an^te to the central hole, connects with It, forming a passage from the- lifter end to the 
recess and through u to the drain t;ank. ^he bott^ of the injector valve Is lapped to a seat 
witi'the end of the lifter plunger so that when the. two afe brought In contact during 
injection, the passage through th^Tplunger is sealed. A$ soon as the fuel/cam releases the 
lifter plunger, thg^valve Is closed ^ its spring (fig 3-4). The oil pressure on the end of 
the lifter plunger will move Jt doWnw^. and a small amount of fuel oil is spilled to -the 
drain tank, relieving the oil pressure in the nozzle. The lifter spring will then return the 
lifter plunger to a conlwct with the valve. This arrangement also acts as a safety feature 
which prevents the fuel 611 from passing* Into the engine cylinder except when necessar'y, evpn 
if the injector valve should leak at ^Its seat. The system gives good results but, like any 
commo^i-rall system. Is not suitable for small-bore engines* 
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Fig 3-4. Cooper-Bessemer fuel-Injection system* 

b. Individual pump 
« 

(1) Features of pump- injection system . This system, ^ also known as the jerk^pump 
system, has two essential p&rts to each cylinder^ the injection pump and the fuel 
nozzle. The requirements which a pump In this system must fulfill, both In 
respect to metering and timing, are such that they can be met only by a precision 
piece ojr equipment. ' ^ 



Accuracy* ^In operation on a high-speed diesel engine* these Injection 
pumps niust%easure and deliver, under high pressujre and at exactly the 
r ' required X\m^ an exceeding small quantity 6f fuel. 

Metering. The volume of the fuel Injected Is extremely small Compared 
with the piston displacement. At full TQad, the volume of the fuel 
Injected Is about l/20,008|of the piston displacement. When the engine Is 
idling* the volume of fuel required is only- about of that at full 
load; this gives a volume ratio of about 1/100, 000* 

The difficulty of accurately measuring such small quantltfi^ of fuel so that all * ^ 

cylinders receive exactly the $dme ajwiMqt Is quite evident. ^ . ^ 

Timing. An idea^f the accuracy of timing^ required may U>rT)bta1ned from 
the fo11ow1ng^e6nslderatiofjs. Ordinarily the period diifing which the fuel 
is Injected d^es not exce^ 20^ of crank travel. If the engine speed is 
2,000 rpm, thawhole injection period corresponds approximately to 60 x 
(20/360) - 2,000 » 1/600 sec; \ 

The start ^ndpend of injection cannot vary more than approximately 1^ of crankshaft B ■ 

rl)tation. ^ : ' ' - 1 ^ 

Injection pressures. Such minute quantities must be, injected within such 
close time limits under pressuices which may run as high as 6,000 psi and 
in some injector types even up to. 30, 000 psi; rtwst ygh-speed engines,/ 
hqwever, use injection pressures of 2,400 *to 3,000^1. ^ 

Precision workmanship. All injeptioo fuel T>"mps:yi^T)ji^erk -pump type 
have plunqers fitted closely/ta^he pu^np barrels ji^ lapping. Lapping 
^ means finishing hardened sunPacei byjffprking theffi ajja^st the Surfaces of 

laps with an Exceedingly fine abrasive. material, ^om a number of ^ 
plungers and barrel which above have beeft lapped truly roun(i*and 
cylindridal but differ slightly in diameter, the f)lungers are fitted to 
their barrels by selective assembly. In this way .'a fit is obtained >*ith^a 
clearance less than 0.0001 inch.^. Such a fit gives very little leakage 
even v|ith the high pressures cr^lted. No packing of any kind is 
necessary /f< Owe to the method^fl fch;ting a plunger to its barrel, these 
parts lare not interchangeable. \\\. plunger or Ijarrel is worn or damaged, ^ , 
both pieces ^ust be replaced. ' ^ 

Pressure waves. Hbel oil, like.all liquids, is compressible. Therefore, 
when the pump plunger at the b/ifginning of the actual deliver^trikes the 
oil in the pump barrel, the, oil is not accelerated at once in-jthe whole p;^^^^ f 
fuel line. The motion of the^unger increases the pressure first in the v/ . 
particles of the o/l nearest tiys^he plunger; This pressure increase is | 
transmitted gradu^llj^ through the line until it reaches the nozzle. On 
the other, hand, due to its imertia, the liqui'd column in the line has a 
tendency to move awa^ from the plunder. Tftus, the in+titfl blow of the 
plunger sets up a compressive W^veJn the fuel line. When this wave 
reaches the nozzle v(hich presents a certain resisteince, it is reflected 
and travels back to the plutiger, increa^ng the pressure created by the ^ ^ 
lunger. After it reache;^ the plun^er^ i\ returns to the nozzle* This 
fluctuation of the gressure at' the discharbe and of the-fuel line dtstuf^bs ^ 
the fuelfdischtfrge ffirough the nozzle. Diiring the moment when the 
pressureVt the no^le is Ipw^ the fuel "discharge is decreased and the 
atomization bec()mes pooirer.' The disturbances are particularly notlee^ble 
in engines^ operating at varsiable speeds In addition, the pressurtrwaves 
may produce vibr'ation of the tubing connecting the pump and the rfo^zle and 
cause its breaka^ The building up bf pressure weves is af^pcted 
factors, the chief ones being the inside diameter and length of thei 
fuel-line tubin^i T^. proper length and diameter are dettermine^ by 
engine builders an^ should nefveni be changed ^ a ichang? may cause serii 
*-i^ouble. ^ ' / " ^\ ' / 
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(2) Jerk pmtip > In order to obtain proper atQnfzatlon of the fuel spray, injection 
pressure, in the fuel line must consistent^ be maintained suffici^tly high from 
the very start to the end of the injection* AlsOt*since this pfessure isi^ 
proportiortal to the plunger speed» th9 latter^ too» must be reasonably hl^h during 
the whole Injection period. This high pressure is obtained by using for the fuel 
delivery only part of the plunger stroke^ after the plunger has acquired a certain 
speed, and discarding the initial part of the stroke. This method produces a 
sudden acceleration of the fu^l In the line» causing a jerk, hence the name for 
the pump (fig 3--5). 
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Fig 3-5. Jerk pump with rotary by-pass valve. 

In most jerk pumps, the total plunger stroke Is constant and the metering is^ 
controlled by varying the length of the effective part of the plunger stroke by one of the 



following methods 



The fuel Is admitted into the pump barrel through ports in the barrel 
controlled by a spiral groove or scroll, also called the helix, on the 
plunger. The plunger can be turned In ^the barrel while moving back and 
forth. This changes the portion of the plunger stroke during which the 
ports are covered and the fuel Is delivered to the nozzje. 

The fuel Is admitted Into the pump barrel through ports In the barrel 
which are controlled by a separate valve. ^ . 

(3) Plunger ^control led pumps . The principle of this t^pe of pfcjmp can be better 

understood by referring to figure 3-6. At tlie bottom of the plunger stroke (fig 
3-6a), the suction and pressure release ports are both in communication with the 
Inner pump space. When the plunger has moved a certain distance and covered both 
ports, fuel delivery begins with a jerk and lasts until the lower edge of the 
spiral begins to uncover the release port (fig 3-6b).v At that point the pressure 
drops and fuel delivery stops. The plunger continues to travel a short distance 

> to the top of its stroke and then begins to move downward. If the plunger is 
turned about 600 (fig 3-6c), the distance between the top edge of the plunger 
and the edge of the spiral sliding over the release port is shorter^ and the fuel 

^ delivery stops earlier. Finally, if the plunger Is turned 90^ mofe, the release 
pot^t stays uncovered, and no fuel Is delivered. ^ ^ 




Pig 3-6. 
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Barrel with various plunger positions* 



In the operation as shown in Tigurp 3-6, the beginning of the effective stroke always 
occurs at the same moment, but the end of the Injection changes with the engine load. It 1^ 
later with a higher load and greater fuel delivery, and earlier with a lower load and smaller 
fuel delivery. The middle of the Injection stroke Is advanced with a load increase. 

This condition can be reversed by making a spiral edge on the top of the plunger and a 
square groove at its bottom* In this case, the beginning of the injection will be earlier 
with an increase In the/Toad and later with a decrease in it, while the end will always be 
constant. The middle oT the Injection will be retarded with an increase of the load, a 
condition, however, which is not desirable* By making both edges spiral, inclined in opposite 
directions, tfe middle of the injection stroke can be kept constant for all loads* Naturally, 
the compressibility of the fuel and the mechanic^ flexibility in the pump^ mechanism will 
retard the actual start of injectioji Into the ^iXnder, producing an Injection lag. 

(4) Valve-controlled pumps * Figure 3-5 may ser^e to exptain the principle vf such a 
pump. The pump plunger has a constant stroke and is a plain cylinder* The fuel 
delivery is controlled by .the. rotary valve with a yvedge-shaped end. When the 
plunger, traveling t6^ th€ left, approaches ijts middle position, the rotary valve ' 
closes the admission .jjort, having moved th6 slanting fuel-cut-in edge across it/ 
When; due to rotation of the valve, the other slanting edge reaches the port, the 
inside of the pump comes in contact with the low-pressure space, the pressure is 
released, and fuel delivery Is cut off* The rotary, valve can be moved axially, by 
the governor or by hand, and this changes the distance from the cut-in to the 
cut-off slanting edge and with it the duration of the fuel-injection period. 



% The plunger of plungers-controlled pumps is pushed by a cam with a, cam follower during 

the delivery stroke and returned by a spring. The pumps are built either as separate units 
for each engine cylinder or as a multi-plunger, in-line unit for ajl cylinders. 

The pumps with a rotary valve are conveniently built around this valve, jjtbe axis of 
the individual cylinders, instead of being in one plane, is at an equal distancWrf rom the axis 
of the driving shaft and is equally spaced around It and the ctfhtrally located rotary valve* 
Instead of cams, a swash plate, also called a wobble plate, is used as. the driving memberi (fig 
3-7), and. is Reyed to the. drive shaft, py the use of shpe-plates containing spherical ly 
shaped sockets, the rotary motion of the swash plate Is converted into a stra1ght-l ine y 
back-and-forth motion which is transmitted to the ball-ended tappets. Each tappet operates 
one pump plunger. The plungers and'tappets are returned by springs (fig 3-7)* The drive 
shaft also turns the rotarv- valve which is located on the same axis as the shaft. The main 
body of the pump is symmetrt^AjjiHl^the drive shaft. can be conveniently flange-belted to 
the timing-gear housing of the 
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Fig 3-7. , Section of a rotary valve, 
3-8 

' 65 



■■■■•/■-• 



c. Fuel nozzles. The nozzles «ire either for the open or the clpsed type. The apen type 
usually is a simple spray nozzle with a check valve whlcK^jipwrents the high-pressureC/gases In 
the engine cylinder from passing to the pump. Although simple. It is generally n<JtJiied 
because It does not give proper atomlzatlon. ..The closed-type nozzle Is us|d more commonly. 
Basically, It Is a hydraui leal ly operated, sprtjng-loaded needle valve. Moist closed nozzles 
open inward under the i)ressure acting on the differential area of the needle valve and are 
seated by a spring when fba^ pressure Is cut off (fig 3-8). Th^ larger cylindrical part of the 
valve has lapped fit with ftie nozzl* body. There are two' main types of such nozzles: the 
pintle-type and the hole-type nozzle. The valve of the pintle nozzle (fig 3-9a'>and 3-9b) is 
provided with a pin ©r pintle protruding from the hole in the bottom of the nozzle in which 
there is a close fit.^ The fUel delivered by such a nolzle must pass through an annul»r or 
ring-shalllid orifice. 'The spray is in the form of a hollow cone whose outside angle, Ohich may 
be any angle up to 80^, is determined by selecting certain dimensions. A valuable- feature 
of the pintle nozzle is its self-cleaning property \^1ch prevents carbon ^posits from 
building up in and around the orifices. , I 
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Figure 3-8. Bosch fuel -Injection nozzle. 
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Figure 3-9. Types of clQSed- nozzles. 



In th&hole-type nozzle, there may be one (fig 3-9c) or several spray orifices (fig 
3-9d4 in the forjn of strai^t, i^nd holes A'llled through the tip of the nozzle^ody below 
the valve seat. The spray from the single-hole nozzle is relatively dens? and h^s a greater 
penetration. The general spray pattern of a milti^hole nozzle, which may or may not be 
sytnmetrical , is determined 'by the nuiAer, size, and arrangement 6f the holes. Orifices used 
are from 0.006 ia, and up to 0.0225 in.' in diameter, and their nuntoer may vary from 3 up to as 
many as 10 nozzles for large-bore engines. Multi-hole nozzles are used generally in engl.ies 
withjw undivided corrbustion chanter. 

Figure 3-8 sh.ows a pirftle nozzW assembled in a nozzle hol^r with the spring and 
connections for the fuel-pressure line and leakage drain. The pressure necessary to open the 
needle valve may vary from 1 ,500 psi to "about 3,000 psi. 

"J . ■ ' ^ W ' . 

Figure 3-10 shows a hydraulically/perated fUel /lozzle v*i1ch opens outward. ItMs of 
the^pTTltfe type, has an opening pressure- of about 1 ,500 psi to 2,000 psi and proAices a 
cone-shaped spray." The ad^^anUges of this* type of nozzle are its compactness ^and light 
wei^t. These factors make it pafTticularly suftable for small-bore hi^-rpm engine?. ^ 



3-9 



66 



. F^g Section through nozzle tip, ^ 

d.> Unit Injector. The unit Injector Ipinblnes ft pump and fuel-spray nozzle In dne unit as 
shown In figure 3-11. The pump Is of the ^rk type with ports* controlled by hel leal -grooved 
edges In the plunger. The amount of fuel Is controlled by turning the plunger. The hozzle Is 
of the open type with a spherical check valve. The spray tip has several small -diameter 
orifices. However, there are also unit Injectors in existence which have closed-type nozzles 
witj^ hydraulically operated differential aeedle valves and multi-hole nozzle tips. 




Fig 3-11. Unit injector with spherical check v«lve. 



The pump plunger receives its downward motion, the delivery stroke, from fuel cam 
through a rocker arm which acts on the plunger follower. The plunger is returned by the 
plunger spring. The fuel, under a pressure of about 35 psi, is admitted through a small 
filter (fig 3-11) and ftlls the annular supply chambpr around the puinp plunger barrel, called 
a bushing^ As the plunger moves downward, fuel is displaced into the supply chamber, at first 
through the lower port, and later, when the lower edge of the plulJlfer closes this port, 
through a central and a transverse part or crosswise drilled holes in tj\f plunger and the 
uftper port.. When thie upper helical edge has covered the upper port, the fuel from the pump 
plunger barrel is forced down into the nozzle body, opening the spherical check valve, past 
the flat chejck valve, and into the spray tip. From there It is forced through the,' orifices 
into the cylinder. The fuel-inj.ectioft-pressure is raised approximately to 20,009~ps1 as the 
fuel passes through the nozzle. Injection continues unti 1 the lower helix on the plunger 
u%:overs the lower' port in thr plunger barrel. The fuel then begins to by-pass through the 
holes in the plunger and through the lower port into the supply chamber. This releases the 
pressure on the fuel in tha plunger barrel. ^The check valve spring causes the spherical check 
valve seat. On the return (stroke, the upward movement of the plunger fills the plunger barrel 
with fuel oil which flows from the supply chamber through the lower port. The function of the 
flat check valve is only to close the inside of the nozzle against gases from the cylinder. 
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Turning of the plunger In order to change-4:he effective length of the stroke Is 
accomplUhed by a gear and rack connected to the gpvernor ot; hand throttle. The middle part 
of this p'lunger has a hexagonal cross section which slides through a corresponding hole^ In the 
geaf» thus forcing the plunger to turn with the gear. The effective stroke I5 determined by 
the relative positions of the helices and the upper and lower ports. 

. The advantage olF the unit-injector construction Is In the absence of long tuel lin*e€ 
which cause pressure waves and sometimes mechanical troubles. However^ one disadvantage lies 
in the tjigh pressures created. Such pressures result in faster wear of the spray orifices and 
>te^neM to dismantle a considerable part of the valve ^ear in order to take out one unit 
injetttfr. Another disadvantage Is the greater chance of fuel leaks into the engine itump and 
dilution of the lubricating oil, ' .\ - - 

ft 

e. Distributor systenw The distributor type of fuel injection system is used on small 
and medium size diesel engines. It is a popular' system because of its 1 ighthess^ low cost» 
simplicity of design^ and the ease with which It can be adapted to small diesel engines. In 
this system, fuel under 130 psi to 160 psi pressure is supplied by a gear transfer pump^ as 
shown in (fig 3-12), through an indexed rotating distributor to a metering plunger jduring its 
downward^ St rake. This plunder has a variable stroke* controlled by t^m governor, and receives 
its upward mdtion from a multi-lobe cam and the downward motion springs During the, upward 
stroke, this- plunger sffnds tiie fuel through other passages in the same distributor to the 
individual Injectors on each engine cylinder. T))e fuel enters at the top of tfje injector (fig 

^3-13), flows through an inlet passage past a spring-loaded check valve, and fills the chamber 
under t+ie^ injector plunger which, except at the end of' injection, is off its seat. Th^ 
Injector pl^ngfer is operated by a cam through a rocker lever and link/ As the fuel is 
delivered from the distributor tp the injector during the suction stroke of the engine, *the 
intjector plunger is gradually lifted and the fuel fills the space in the cup under the * *^ 

^pTOiaqer. At the time of injection the plunder is pushed downward and the fuel, prevented 1)y 
the'^ieck valve from returning to the distributor, is injected <nto the combustion ^pace. It 
is fIrVely atomized by being forced under a relatively high pressure through six small holes, 
0.006 to 0.008 in. in diameter, depending upon the size of the engine. ' 
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Fig 3-12, Diagram of distributor -type low-pressure fuel-injection systen 
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Fig 3-13. , Inje5:tor, cross section. 
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The advantage of this system Is the absence of h1gh**pressure lines and pressure 
Waves. Its disadvantage Is the relatively large Inertlal of moving parts» making It 
unsuitable for very high speeds. Another disadvantage* more or less eliminated In the^ 
new-type Injector^ Is dilution of the l^jbVlcating oil in tbe engine' crankcase due to fuel oil 
' leaklng'past and up the Injector plunger. ' ^ 

EXERCISE: Answer the following ijuesliops and check your responses against those listed at 
* the end of this itudy unit. . ^ ' 

J. In the common-rail systcfii consists of a high pressure, constant-stroke and 

constant-del ivecy pump whith ^discharges into a' to which ^each 

injector 1$ connected l?y $ub^ng,. ^ " - 

. ' f . ^ 

a- tub . c^. common-rail header 

b. pump. ^ % d^ tank - • 

■ , • . *-« ' ■ * 

2. The common-rai{l system is not suitable for h+gh speed, low bore engines, because 

' 'i ^ ' ' . 

^ a. -its fqnct tolls are too. slow. . • * *^ . , r' 

bi there is ditVicUlty in control Ving small quant^ities of Injected fuel. 

c. it lacks of power ^ , I 

d. its speed canrm be controlled during higher pressure. . 

The system thafltas J^wo essential parts two each cylinder, the Injection pump and 
f ue^ nozzle*is the'" 

- a. 'common-rail. - -C. unit fnjector system, 

pump, injection system/ - d^lv* Cooper-Bessemer, 



4. State the purpose of this jerk pump. 



5. Two types of fuel nozzles are the V ' and 

a. air, solid. c. open and closed. 

b. valve, plunger. d. rotor and fork. 

6. Describe the pintle type nozzle. 



7. Describe the hole-type nozzle. 



The system that combines a pump and ^ fuel, spray nozzle in one unit is the r 

a common-rail system. pump-injettor syst^em. 

b. distributor I'G'siem. ~ d. tijiit- injector. . ;^ 

The system that^is u^ed because t)f its lightness, low cost, and simplicity of ^ 
design is the ' * . , ' . . . 

a. distributor system.' c. unit injectpi^system A 

d. conmon-rail system. d. metering system, 
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Work Un1t-3*3. COMBUSTION WITHIN THE DIESEL ENGINE 

' 'DEFINE THE THREE MQ§T IMPORTANT QUALITIES OF DIESEL FUEL. ' ^ 

IDENTIFY FOUR TYPES OF^tOMBUSTlON CHAMBER DESIGNS! 

IDENTIFYTOUR TYPeW COMBUST I0N> cRAMBER'^ES I GNS. 

* The fuWs used in. modern high^pee)*^ dieseT engines are a product of the petroleum 
, refining process., .They are heavier thdft gasoline because they are obtained from the leftovers 
or residue of the cjrude oirafterj' the moilfrs^olatile such as gasoline and kerosene have been 
, removed. The large,. slow-r4innirfg diesel^ engines used in stationary or marine installations 
r will burn almost any grade^ heavy fue\ oil, T>ut the high-speed diesel engines used in 
atJtorrtotive installations rdBTlre a fuel oil as It^it as kerosene. Although diesel fuel is 
different from gasoline, it< specification requiremfeots »re just as exacting as those (^f 
gasoline. Of the various properties to be consideredNn selecting a fuel for diesel engines, 
the most important are cleanliness, viscosity,' and Ignition quality. ' ^, 

*\ Cleanliness.' Probably the most necessary property of a diesel fuel is cleanliness. 
. Jhe fuel should not contain more than a trace of foreign substance; otherwise, fuel pump and 
^ injector difficulties will occur. „ Dieselffuel , because It is heavier and more viscous than 
, gasoline, will hold dirt in suspension for longer periods of time. Therefore, every 
precaution must .be taken to keep dirt out of the fuel system or to eliminate it before it 
reacl^s the pumps. Water is more objectionable in diesel fuels than It is in gasoline because 
it v)n.l cause ragged operation and corr4)de the fuel systiem. The least amount of corrosion of 
,the ^gurately machined surfaces in the injection equipment will cause it to become 
InopeTvit i ve . ,. 

b. Viscosity . The viscosity of an oil is an indication of its resistance to flow. The 
higher the viscosity, the greater the resistance to flow. The viscosity of a die'sel fuel must 
bdisuff iciently low to flow freely«at the llowest temperatures encountered, but it must also be 
hWh enough to lubricate the closeTy fitted pump and injector plungers properly. It must also 
bfr sufficiently vistous so that leakage at the pump plungers and dribbling at the injectors 
will not occur. 'The viscosity of a fuel also- determines the size of the fuel-spray droplets 
which,- in turn, govera^the atdmizatidn and penetration qualities of the spray. 

^ X ' '' ' 

\ c. Ignition quality . The igpition quality of a diesel fuel 'is its ability to ignite 
spontaneously under the- conditions existing in the engine cylinder. The spontaneous-ignition 
poipt of a fuel is a function of temperature, pressure, and time. Since it would bjp difficult 
to V-eproduce artificially these factors as they exist in an engine cylinder, the best 
apparatus for measuring the ignition quality pf a fuel is an actual diesel cylinder running 
uhder controlled operating conditions. The yardstick used for measuring the ignition of - 
diesel fuels the cetane-number scale.. The cetane number of fuel is obtained by comparing 
the operatioi^ of the unknown fuel in a special test engine, with the operation of a known 
reference j^uel in the same engine. The reference fuel is a mixture of . 
alpha-methyl -naplithalen, which will hardly Ignite when used alone, and cetane, which will 
readily ignite at temperatures ap^ pressures obtained^ in adiesel cylinder. The cetine number 
indicates the percent of cetane In ^ reference fuel wBich will just match the ignition 
proq^ties of the fuel being tested^ - . V ' , ^ 

It has, been observed that diesel engines knock, particularly at light loads. This 
knock is believed to be ^lue to the rapid burning of the charge of fuel accumulated during the 
delay period between the time of Injection and ignition. When tihe fuel is injected, it must 
first <^apori2e, then superheat until it finally reaches »the spontaneous-ignition temperature 
under :the proper conditions to Vtart combustion. Time is required fdr>suf f icient /fu^T^ 
molecules to go through this cycle to permit ignition. As stated ear|ler, this time is 
called ignition lag or Ignition delay. During this same time, other portion? of the fuel are 
being Injected and are goin^^through the same phases but behind the igniting portion. 
•Therefore, as the flame spreads from the point'of ignition, appreciable portions of the charges 
reach their spontaneous-ignition temperature^ at practically the same instant. This rapid 
burning causes a very rapid increase in pressure which is accompanied by a distinct and ' 
audible knock . Inci^easing the compression ratio in the diesel engine will decrease the 
Ignition lag and thereby decrea^se the tendency to knock. Increasing the compression ratio in 
a gasoline engine leads -to pre-ignition and, in addition, tends to make detonation worse. 
Knocking in the 'diesel erfgi^ is affected by a large number of factors besides compression 
ration however.' The type of combustion chamber, air flow within the chamber, th« type- of 
nozzle the injection pressuw conditions, the fuel temperature are all ^factors as are the 
characteristics of the fuel itself. For these reasons, more can be done in .the design of a 
diesel engine to. make it operate smoothly without detonation than is possible with the 
gasoline engine. ^ .• 
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The fuel Injected Into the combustion space of a diese! engine must be thoroughly 
mixed with thecompressld air and distributed as evenly as possible throughout the chamber if 
the engine is to function propei'ly. None of the liquid fuel should strike the chamber walls. 
• It is essential tftat -the' shape of the combustion chiimber and the characteristics of the 
injected fuel spray be closely related. There are many types of combustion chambers in use 
today, but they are all designed to produce one effect — to bring sufficient air into contact 
witjh tiigMnjec ted fuel to provide complete combustion at a constant rate. All modern 
comburtionN^amber designs may be classified under one of the following headings: open, 
precombustior^sirturbulOTce, or divided chambers. Designs which fall under two or more headings 
wil) be coveredSijnder the heading which is the most applicable. 

a- Open chanfcer . The open chamber (fig 3-14) is the simplest form of chamber, but its 
use is limited y» slqw-speed engines and a few high-speed 2-stroke-cycle engines. The fuel is 
injected direcVly into the combustion space at the top of the cylinder. The combusti.on space, 
formed by thp^op of the piston and the cylinder head, is shaped to provide a sv^tjrling action 

- of the a.ir as the pistbns comes up on the compression- stroke . There are no' special cells, 
pockets, or passages to aid the mixing of fuel and air^ Thi^ type of chamber requires higher 

^ injection pressures and a greater degree of fuel atomization (than is required by the other 
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Fig 3-14. Diesel engine open combustion chamber. 

b. Precombustion chamber . - The precombustion chamber (fig 3-15) is an auxiliary chamber*^ 
at the top of the cyl inder . It is connected to the clearance volume above the piston through 
a restricted throat or passage. The precombustion chamber conditions the fuel for final 
combustion in the cylinder and distributes the fuel throughout the air in the cylinder in such 
a way that complete, clean burning of all fuel is assured. On the compression stroke of the 
engine, air is forced into the- precombustion ctamber and, since the air is compressed, it 
becomes hot. Thus,%t the beginning of injection this small chamber contains a definite 
volume of air. Consequently, combustion of the fuel actually starts in the precombustion 
chamber, since the fue\ Is indected into tfee chamber. Only a small part of the Yuel isbuyned 
in this chamber because there is onlv a limited amount of„ oxygen present wjth which It can 
unite. .The small predetermined amoi/htthat burns creates heat which, in turn, creates high 
pressure within theyprecombustion chamber. As injection continues, this high pressure forces 
the fuel at great velocity into the cylinder. There is ample oxygen present in the cylifTder 
to burn all the fuel completely, regardless of the speed or load under which the engine is 
operating. Fuel injection pressures nee*d not be as high with this type of chamber as in the 
open type. A coarser spray iiy satisfactory because th6 function, of the chamber is to vaporize 
the fuel further before it enters the cylinder. ' 
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Fl5f3-15. Oles^l engine precombustion chamber. 



c. Turbulence chamber. The turbulence chamber (fig 3-16) Is similar In appearance to the 
precombustion chamber, but Its function Is different. There Is very little clearance between * 
the top of the (ylston and the head^«so that a high percentagrof the air between the piston 
and the cylinder head Is forced intd the turbulence chamber miring the compression stroke. 
The chamber is usually spherical. The opening through which the'air must pass becomes smaller 
as the. piston reaches ^he top of the stroke, thereby Increasing the velocity of the air In th€ 
chamber, Thl^ turbulence speed Is approximately 50 times crankshaft speed. The fuel 
injection Is /timed to occur when the turbulence In the chamber Is the greatest. This Insures 
a thorough m,1x1ng of the fuel and the air with the result that the greater parr of combustion 
tak«s pla^e In the turbulence chamber Itself. The pressure crea^d by the expansion of the 
burrtlng^ases is the force t^iat drives the piston downward on the power stroke. 




^ Fig 3-16. Diesel engine turbulence ohamber. • 

tl. Divided Chamber . The divide^ chamber, or combination precombustion chamber and 
turbulence chamber, probably is better known by the trade nme Lariov a combustion chamber. 
Like the open chamber cdmbustion system, the main volume of air remairu and the principal- 
com|>ustion takes ))lace in the main combustion chamber, but unlike the otfen .chamber combustion 
system, the comb»>stion is controlled. Like the turbulence-chamber type, t% Lanova system 
depends on a high degree of turbulence to promote thorough mixing and dlltrlbution of the fuel 
and air, but unlike it, this entails no< increase In pumping losses^ Ninety percent of ^he 
combustion chamber is directly In the path of the in-^and-out movemeht of the valves. "\The 
turbiflence.ln the Lanova system. is dependent upon thermal expansion and /not „on engine speed as 
are the other systems. _ ' * » "* 



Primarily, the^^tanovai systefA involves thr combination of the f1gure-8 s>idped 
combustion chamber situated centrally over the piston on a small air chamber Iwown as the < 
eoerg/cell, as shown in figures 3-17 .anif 3-18. In it latest development /this energy cell Is 
composed of two separate chambers^ aYi Ifrher and an outer. The Innejr chamber, which is the 
smaller of the two, opens Into the narrpw throat between the two lobes of the main combustion 
chamber throTjgh a. funn^ ^shaped venturl passage* ^ The larger outer chamber communicates with 
the inner one through a $econd venturl • Direct^k^pposite the energy cell is the Injection 
nozzle. • ^ p . ^ 
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Fig 3-17,. Lanova divided chamber--piston positions. 





' O . . Fig 3-18. Lanova divided charnber-i-f.uel combustion. 
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A . ^""^"^ the compression stroke, about 10 percent of the total compressed volume diies 

(Into the energy cell, th^ remainder stiying In^the f1gure-8 shaped combustion chamber. 

Tuel is injected in the tonn of a penci 1, stream which passes directly across the narrow throat 

df the -combustion chamber, moj^ of It p^netr^^ting into the, energy cell. „A small portion of 

the boundary layer follows the^tcurvature of the combustion chanibdr lobes and swirls Into 

vortexes within them, thus Indfcating a weak combustion. The fuel entering the energy cell 1$ 

trapped for the most part, In the small outer^cell, but a small part pa^^es Into the larger 

outer cell where It meets a siifflclent quantity of superheated air-to explode violently. This 

exploslAj produces an extremely rapid rise to high pressure within the steel energy cell. 

This pressure blows -the main body of the^fuel lying In the Inner cell back into the main 

combustion chamber where It meets the main body of air. Here, because of.^the shape of the 

chamber, it swirl? ar/>und an exceedingly high rate of turbulence, thus burning continuously as 

it issues frorp the energy cell. Because of the restriction oT the two venturi connecting the ^ 

energy cells, the blowback of fuel into the combustion chamber is controlled so that this 

operation consume an appreciable period of time. This control of the fuel produces a 

prolonged and sm(Wth combustion In which the rate of pressure rise ^the piston is gradual 

EXERCISE: , Answer the following questions and check your responses against thovse listed at 
the end of this study unit. 

l.>. Define the following: ■ ^ 

Cleanliness - ^ ^ ^ 



Viscosity ^ 



Ignition Quality 



2. The, simplest combustion chamber is the 

a. precombustlon cfjamber. c, open chamber. 

b. turbulence chamber. ^ d. divided chamber. 

3. The combustion chamber with an auxiliary chamber at the top of the cylinder is the 

a. pre-combustion chamberl . c. 'open chamber* . ' ^ 

' ^ d. turbulence chamber. d. divided chamber'. 

4. The chamber that has very little clearance Between the top of the cylinder and the 
head is the '"X 

a. precombustlon chamber. c. open chamber. 

b. turbulence chamber. d. divided chamber. 

5. ' The combustion chamber that has two rounded spaces shaped like a figure eight cast 
in the cylinder head is the 

a. ' precombustion chamber. c. open chamber. 

b. ' turbulence chamBer* d. divide^ chamber. 

6. The combustion chamber that is better known as the Landva energy cell\is the 

a. precombustion chamber. c. open chamber./ 

b. turbulence chamber, d. divided chamber. ^ 

Work Unit 3-4. ftlESEL EN6FNE LOADS * • 

[YPES OF ENGINE LOADS. . 




To control, an ehgine means to keep it running at a desired speed, either in accordance 
with or regardless of the changes in the load carried by the engine. The control of an engine 
depends upon two factors:' Its own performance characteristics and the type of load»wh1ch it 
drives. The total load of an engine consists of two parts (1) the Internal load, or friction 
horsepower due to the friction, windage, and pumping losses within the engine itself and 
required by the attachfi&d engine-driven auxilaries; and (2) the external load, connected to the 
main drive shaft which takes the useful or brake horsepower output of the engine. 
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As •x|rt»lMd earlie/v the InxJicAt^iiJ tyomppwer Ms ^qu^l to the'>total -load or the sum 
of the friction And br^ike horsepower. The Indicated inorsepower nec,eH*[y to balance this 
' tokfl load 4t any speed depehds upon the" pressures deveVopecl during .coniKst ion of the fuel 
andfthe mitltM^.mej^n Indicated pres^sure, The cofflbMStlon process and tlt^ean pressure 
dttleloped by It depend primarily upon the quaKtl^y of fuel Injected on the t*1r1ng stroke, if 
-tnl other conditions remain subs t ant lalb^^he same^'r 

Most diesel fuel -Inject! op syStews av-e deil9hed"so that the amount (Df fuel delivered 
»ttin9 or position of the fuel control fs epproximately the same per injection 
fegardless ofvthe engine speed. The total load «t any speed, therefore, can be balanced by 
regulating the\fueT control to the setting tequlred to give the necessary mean, Indicated 
pressure, (Jn ot^er words > the setting of the fuel control regulates the speed of a diesel 
engine under ^ny 



The frIctlQnal 
4fterease 1 n the engi ne 



or th* internal load of an engine increase rapidly with an 
This also Is usually true of the external load, so that, in 
7' General^ greater mean IndlcalHwl pressures are required to balance the total load at higher 
*^peeds. An example of this tyte of external load is a dir«ct-connected propeller. The sum of 
the power required to drive a propeller'and the friction power gives the total power required 
^roni the. engine at various speeds. With this type of total load, the speed of a diesel engine 
' will increase only i( mOre fuel is injected and will decrease if less fuel is injected. T<his 
type of load, which incrftisey^ith speed (Wre rapidly than the engine output Increases with 
speed. Is essentially self-gOyefning uiider rtohtial operation. This is true^because any fuel 
setting will provide t1|e'^coftust1oh pressures which buTance the total load on the engine only 
at one speed. The sp^fed under these cpndltion^, then, wiU varyJn proportion to the fuel > 
settind. If th* low cohdH^^^^^^ manual regulation of the fuel 

control would pr0ytdei i>dequa^ 

Vhen aft^iifiii^^^^ internal load remains approximately 

the same. Unfe)!? . these conditions;^ pressures necessary to balance the total 

load wIVl vary directly witH it^^^^^^ wad. An example of this tjtpe of load is 
a direct-cpnriected electric. operate at constant sMfed. An 
Increase or decrease in to the generator will require c/rfrrespondingly 

gre&W or.4&eed cOmbm^O^^^ speed constant. Ifherefore, in 
order to. ma'liWph It is tiecessary to change the amount of fuel 



i 



injectc** 



th^ 'ext<|f |ia1 Toad changfes. 



WhW tv^fei/0^^j«ore «j10lpe5 are connected electrically or mechanical ly*to the same load, 
they c.annotNM?^*N speed. Examples of t>i1s type of load ace the multiple-unit 

d1ese1^V^'ri<^ P«>**er' systems and-^e multiple-unit propulsion systems in which two or more 
engines dHvV a>10ffT6 pr'#eller shaft. '^^^^^ these cooditions, the fuel Injected in- each 
englne>^st'^i^guTa^^ so that, the tot^l load^ is distributed proportionally between the 
engines while their relative spe'eds are. maintained. L 




cWhen an engine is running without a load at slow Idling SM€d, the friction power is ■ 
relatively smaTI. The quantity of fuel, therefore, which must btf Injected per firing stroke 
to balance the internal load is extremely small, especially in sritall Engine cylinders. These 
small fuel quantities are difficult to Inject regularly and as a result the idle-speed 
stability is poor; I.e., the engine speed will vary.' Furthermore, a slight adjustmenigp' the 
fuel-control setting at idle position will cause reTatively large changes in the amoui||fof 
fueVinjectfed. This, in turn, results in .comparatively large bhanges in engine speed, making 
it very difficult to regulate' an engine under idling conditions. The problem of regulating 
the fuel control td^et these various operating loads is often further compliceted by certain 
crtaracterisllcs of the fuel-injection system Itself. Under these conditions it is not 
possible to regulate manually theirfuel control of a diesel engine satisfactorily and some type 
If governor Ms necessary. . 

EXERCISE: Answer the following questions ind check ytur responses agflinst those listed at 
the end of this study unit. • 

\ <» \ 

1. Define two types of engine loads. 



a. Internal loads 



b. External loads 
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^iWork Uplt 3-5. FUNCTIONS AND USAGES OF THE GOVERNOR ON THE DIESEL ENGINE 
-DESCRIBE THE'PRIMARY FUNCTION OF THE GOVERNOR. 
DESCRIBE THE FQUR CLASSIFICATIONS, OF GOVERNORS. 
IDENTIFY -SIX GOVERNING CHARACTERISTICS. 
DESCRIBE TXO TYPES OF GOVERNORS. " 

GIVEN FOUR fYPES OF MEGHAN I CAt>AND HYDR/<llLIC GOVERNORS AND FOUR ILLUSTRATIONS 

DEPICTING FOUR GOVERNOR A5SEMBLltS. 'HATCH EACH GOVERNOR WITH THE PROPER ^ 
ILI,,USTRATI0N. ' \ ^ 

Governors are found on all the dles^ engines that we have in the Marine Corps. There 
are many different types and uses, too manv to.cov^r irt depth. In the following pages, you 
will learn the basics that will 'apply to the majority of governors we presently use. . 

a. Functions. A governor is ^essential^ iTspeed-sensitive dmJce designed to control de 
speed of an engine Minder varying load condifions. The type of l^and the degree-of control - 
-desired determine th* kin^^of go\/2hior to be used. Governors for diesel enqine$ may be / - 

classified according to their primary-function^ as follows: 

Constant-speed gopver^nors to maintain the same^ngine spee^from no load to fyi^^ 

(2) Variable-speed governors ; to' maintain any desired ermine speed from idle to top 
spe^d. ^ * . ^ s| ' ~ 

(3) Speed- limiting governors : to dontrol theThlinimum engtrte^Hed or to limit its 
maxi^num speed only. " ' ' 



V 
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(^) Load--11m1t1ng governors : to limit the llad whic^^ the ehsJi^will take at various 
speedy. T " ^ 

Some ^overpor^, are designed to perform t^o'rfr more of the' above* fiMct ions by 
incorporating their operating mechanics in the ^ame unit?! 

Governing clyracterist 1cs > Govel^nors^^rtjftloyed forlcontroHing the speed of diesel 
engines mus,t have certain characteristics, to fit the ty{fe of load which the engine is to 
drive. The principal characteristics which determine the degree of goVSrnor control of the 
engine-^nay be define<l as follows: 

Speed drop is the decrease in-spefed of the engine from no load to full 
. l^ad expressed in jrpm, or as a percent of normal or average spieed, usually 
t>\e latter. ' 

\ . . . 'H^ ' 

• isochronous governing is maintaining the speed*of the engine truly 
constant, regardless ^^f the 16ad--in other words> with perfect speed 
regulation or 2ero speed' drt^p^* 

Hunting is the continuous fluctuation ot^the engine speedy slowing down 
and speeding up, form the desired, speed due to^overcqptrol by the 
governor. * < - . ^ 

f n Stability is the ability of the governor to maiiTtain the desired engine 

speed vfithout f^luctuations or hunting. . ^ 

Sensitivity is the change i^ speed required before \he governor' vfi 11 make 
a corrective movement of the fuel control and is-generally expressed as a 
percent of the normal "or tiverage speed ^ ^ . \ / ' 

. ; Promptness is i:he speed of action of the governori It may be expressed In 
term^^of the tim^^ in^tj^oonds required for the governors to move ^the fu$l 
control from load. to f,u 11 r1 cad position. Promptness depends upon the 
power of tJie^goyerhof— th| greater the power, the shorter the time ^ ^ 
required to overcome thjp Resistances. 



(1) Hunting . It Is said that a governor is hMnting^if its flyweights and contr-ol 
sl^e do not assume at once a definite position correspondingt^) the speed, but 
moyf up and down. Hunting occurs due to a lag" in action of tH« control mechanism, 
indicating poor sensitivity and resulting in a large speed thange before any 

-J governor action tales place. The fefijine will slow down or speed up too much 

^ befye any corrective regulation of the fuel control is made.^ When the controls 

begin to move,- they will continue to move even after the correct speed has been 

obta^lned. This'will result in an over^ correction of the engine speed in the' 
* opposite direction. After that the governor will start to act in the opposite 

direction. The Engine sp^eed will fluctuate or hunt to this over control by the 

governor. 

Hunting may alto occur due to the slowness of action of the corrective control 
mechanism a^ indicat«d T>y slow reaction time, if the power of the governor is too small. This/ 
lag in action will permit too great a change in engine speed to occur during a change In 
engine load before' iib proper correction is made, even if the governor is sufficiently 
sensitive. Due to^is lag, the speed of the engine will be changed too much in the opposltj 
direction' before the governor action stops. Slow reaction time thus results in hunting, due 
to overcontrol of the governor in the same manner as with poor sensitivity. Any method of 
reducing the friction in the operating mechanisms of a governor will tend to increase its 
staWlity. ' 

(2) Sensitivity . If an engine is running and its governor is in equilibrium, it 
requires a considerable change in engine speed, due to a change in the load, 
before the governor will begin to act and adjust the fuel delivery to correspond 
to the changed Ipad. This lag in. governor action is caused by friction and lost 
motion in the governing mechanism and is called sensitivity. Sensitivity is. 

V determined by testing an engine first with an increasing and then with a 

decreasing load. Due to lag in the governor action, the speed corresponding to a 
certain load which was obtained when the load w?s increasing is always lower than 
the speed corresponding th the same load when decreasing. Sensitivity is 
expressed numerically as the differenced the two speeds divided by the.ir 
average, in percent. Thus, the greaterWiis figure, the less satisfactory is the 
sensitivity of the aovernor. Usually the difference between the two speeds is 
I greatest near half-load conditions. 7 

" - Typ e^ of governors . The types of governors in wffich the centrifugar force 9^ the 
rotiating weight h balanced by a helical coil spring are commonly -known as spring-ldaded 
centrifugal governors. Centrifugal governors may be classified into two main types depending 
upon the regulating force employed to operate the fuel control. These types are: 



. Mechanical governors in whfch the centrifugal force of the rotating 
weights directly regulates the fuel supoly by means of a mechanical 
linkagv*^^ch operates the fuel-cbntj:ioljmec}ianism. 

Hydraulic governors in which the cent^HTugaV force of the rotating weights 
regulates the fuel supply indiijettly by movllB a hydraulic pilot valve 
controlling oil under pressure, which operatfl the fuel-control mechanism. 

m Spring -load ed centrifugal governor . A spring-loaded centrifugal governor is 
illustrated by the .diagram in figure 3-19, showi.ng the low- and high-speed 
positions of the weights. The governor has two rotating weights called flyweights 
or flyballs. These are fastened to the upper ends of ball-crank levers mounted on 
^ pivots, at their corpers to th# yoke, ^he yoke is usually connected by^gears to 
revolve with the engine. The inner ends of the toes of the flyweight levers bear 
against the thrust bearing of the control sleeve, -which operates the ■ — 

fuel-regulating mechanism. The, speeder spring, often referred to simply as the 
governor spring, bears against' the upper end of the control sleeve and tfends to- 
move it, together with the fuel-regOlating mechanism, downward in the direction to 
supply more-fuel. The centrifugal force acting outward on the flyweights has- 
tendency to move the control sleeve, together with the fuel-regulating mechanism, 
upward against the action of the spring, in the liirection to supply less fuel. 
When the centrifugal force of the rotating flyweights is exactly balanced by the 
force of the spring, the control sleeve assumes a fixed position, the 
fuel -regulating mechanism, remains at a certain setting, and the engine speed 
remains constant so long as the load does not change. / 
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Fig 3-19. Elementary spring-loaded centrifugal governor. 

If, however, the load on the engin^decreases, the engine will begin to speed up 
because the fuel-ftegulatina setting for the original load will supply fnore fuel than is 
necessary for the reduced load. As the speed of thef^ engine increases, it drives .the governor 
'-^st«r also and increases the centrifugal force of the flyweights:^ This increase in 
ktrifugal force moves the control sleeve in the direction to supply less fuel, compressing 
I spring further unti^l the cpntrifugal force again is balanced by the increase in spring 
forte. The reduction in fuel.supplied prevents the engine from increasing in speed more than 
is necessary for the governor to operate the fuel-control mechanism the amount required to 
balances the reduced load. , . ^ 

» . ■ ' , 

4f, on the other hand, the load on the engine increases, the engine/will begin to slow 
down because the fuel supplied for the original load is less than is necessary for the 
Increased load. As the speed of the engine decreases, the centrifugal force of the governor 
flyweights also decr^ses. This unbalance? the spring force which then moves the control 
sleeve in the d1rectid(i to supply more fuel, until the decrease in centrifugal force is 
balanced by, the decrease in^ spring force due to the Increase in its length. 

<a) Constant-speed goyernors . With mechanical gl)vernors i'r^^which the control 
sleeve is directl^^ connected to the fuel -regulating mechanism, the. spring 
length must be changed a certain amount for every clun^e in the setting of the 
fuel control. This requires a centrifugal force different from tHat of the 
flyweights, and, consjelfuently, a different engine speed in order for the 
governor to balance, 4very change in Tp«d. Therefore, all mechanical governor^ 
^have a speed drop and so cartnot provide isochronous governing. By proper 
lesign, however, the speed drop of mechanical governors can be held to four to 
ive percent^ so that for practical purposes such governors may be classed as 
the constant -speed type. 

(b) . Variable'Speed governors .^ If the control speed of an engine must be changed 
^ while In operation, a variable-speed governor is required which may be 

adjusted to maintain any desired ^control speed within the operating range of 
the engine^ * 

The'^lmplest method of obtaining variable-s^eed governing with spring-loaded 
centrifugal governors is to provide a^means for varying the initial compression of the speeder 
spring as shown by the diagram in figure 3-19. Thus, if the initial spring force is. Increased 
by compressing the s^i(ig to a shorter length, the engine speed must increase before the 
centrifugal force developed by the flyweights can balance the greater spring forite.' If the 
in^itial compression of the sprang is decreased, the engine speed necessary fdr the centrifugal 
force of the fl^eights to balance the reduce^ force will be decreased. 

(c) tvift-speed qovei^ons . In many installat-Unvs^it is desirable thit the governor 
control the engine so that It idles at low speeds rather than at high speeds 
under np-load conditions. In order to accomplish this with a mechanical 
governor it is necessary to provide two different springs. One is a soft 
spring^ which takes a small ftfrce to compress it per inch, to provide b^etter 
sensitivity and lower speed drop at low speeds; the other a stifr Spring, 
which t^kes a larger force to compress it per inch, to provide Sufficient 

) stab11|tj(r at high speeds. . * - 

■ ■ \. ^ " • ' ^ ' 




The springs nnist be arranged to act ilther singly or in combination. An example of an 
e>^ntary form of this type of governor is shown in figure 3-20. For low-speed operation^ 
the governor control is put in the position in which only the soft inner spring is actirjg, 
thereby providing better sens-fTlvity an^ speed regulation under idle conditions. For 
high-speed operation, the goyernor control is put in the position in which both springs must^ 
act together^ which provides better control under full -speed conditions. ^ 




Fllg 3-20. Two-speed centrifugal governor, 

(d) Influence of friction . Friction has a pronounced effect on the , ^ 

characteristics of governors. The ^friction in a governor includes all the 
forces Which oppose tbe motion of the control sleeve and the fuel -control 
mechanism. In a. sprihg-loaded centrifugal governor, the force to move the 
control sleeve must hfe suppHe by the difference between the centrifugal force 
of the flyweight and the force of the speeder spring during , a period of 
unbalance. In other words, the chaYige .in speed necessary to actuate the 
governor or make it of^rate depends directly upon the total frictional 
resistance which oppose th6 governor action. Any methods of decreasing the 
forces which must be overcome by a goverrtor-'to operate the fuel -control 
mechanism will, therefore. Increase its sensitivity. 



ETfery governor depends upon a change in speed for its corrective action. The extent 
of the speed change necessary to produce this action determines the amount of the resulting 
movement of the control mechanism. Thus, the more sensitive the governor, the less will be 
the Corrective action required after a change of the engine load.' The^rapidity of the ceu^trol 
movement, which depends on the promptness of the governor action, alsa Influences the ^unt 
of corrective action required when the speed changes. Both these characteristics affect the 
stability or steadiness of ^j^governor by their effect on hunting. 

(e) Shortcomings . Mechanical governors have the following shdrtcomings: 

1 They have poor sensitivity, since the speed sensitive element also must 
" furnish tUe^f^e to. move th(& engine sp?ed control. ^ « 

i Their power is^ relatively small unless they are excessively large. 

3,^ey hive an unavoidable speed drop and, therefore, cannot provide real ^ 
constant speeds necessary when driving A.C. generators which must b? held to^ 
exact speeds. ^ - > 

Practically all tf^ese shortcomings of mechanical governors may te overcome through the 
use of hydraulic governors. ^ ' * ^ 



(2) 



Elementary hyrauHc gy^rnor^s . The only'method of obtaining Jtruly constant speed 
or Isochronoqs govern'g f roin ^> iprlng-loaded centrifugal §ove^npr H to restore 
the speeder spring to Its original pension after every speed change regardless of 
the movement of the fuel^control ineichdnlsm. When the speeder spring Is kept under 
the same tens1on»the centrifugal force of the flyweights necessalry to balance It 
will be developed only at one corresponding speed. The gpvernor, therefore, must 
regulate the fiiel supply tp keep the ebgihe at the same speed regardless of load. 
This can be accomplished with a sprlngy^loaded centr1fii§e4-gOvernor by using an 
Indirect connection between the control sleevf and tfii fuel -control mechanism* 
Su^ an Indflrect connection to operate the fuel-contrpl mechan,1im may be provided 
by "an Independent en^Vpy source*. In hydraulic goy^ernors^ this Is most 
conveniently furnished by oil pressure produced by aVspeclal pump. 



An elementary form of hydraulic governor ifty Illustrated In figure '3-21 . The 
speed-sensitive element \t\ the governor 1$ a p^lr df spring-loaded flyweights' and a helical 
coll spring. The speed-sensitive element operated a pilot valve wh1ch%ontrols the flow of 
oil to and from a hydraulic power piston shown at right. When the governor Is^^operatlng it 
control speed, the lowei^end of the plunger of the pilot valve /'feglsters with and Just closes 
the ports in the pilot-valve bushing and there is no flow of oil (fig 3-21). When the 
governor speed rises above the speed at which the pilot ports ar^ closed, ||ie- flyweights move 
out, raising the pilot-valve plunger (fig 3-21)* This opens the port from the power i^iston to 
drain Intd the sump. The spring on the^power piston forces the power piston down toward 
no-load positions^ The oil displace drains through the center of the pilot-valve bushing. 
The fuel*contrQ] mchanlsm Is connected to the power^plston rod end. When the governor speed 
decreases belowi^tlw^'Xtm^jol spe^Td^ the flyvfejghts q^ve In, lowering the pilot-valve plunger 
(fig J3-21). Tiris opens tro port to-the pow^fr pistoVj^nd connects it to a supply of oil 
pressure which acts on the power piston, forcing it up tow,ard full-load position, : 




Fig 3-21. Elementary hydraulic governor. 



The length of the lower end of the pilot-valve plunger Is exactly the same as the 
width of the ports In theT)11oi-va1ve bushing. Since the plunger Is moved directly by the 
speed-sens.it1ve e^en^ there Is- only one speed at which the ports will stay closed. Figure 
3-21 shows an elementary Isochronous or constant-speed hydraulic governor. From the «bove 
discussion It Is clejir that with this governor there Is no direct relation between the 
governor speed and the setting of the^fijel controls. If the governor st)eed drops below ihe ^ 
fixed or control speed, the power piston will be moved upward and will Increase the fijel 
supply. If the goveiHipr speed rises above control speed, the power piston will be move4^down 
toward decreased fuel. The power piston will be set at any required position between n6-load 
and full-load. The engine will operate, under equilibrium conditions exactly at control speed, 



The pilot valves are constructed so that. the fluid pressures are balanced and produce 
no thrust on the plungers. The o*)l pressure applied tD the recess of the pilot-valve plunger 
In figure 3-21 acts equally on the ring-shaped areas at both ends and no axial force is 
produced. The plungers in governor pilot valves arevusually rotated in the bushing to 
ipaintain an oil film between these parts and thus re(%e friction ancf prevent sticking. The 
holes- 1n the pilot-valve ^leeve are awrdnged in pairs so that there jl6JJ5L^^^^ thrust exM^ted 
on the plunger. The lower fitted Wngth of the plunger, called the land, exactly covers the 
holtfs in the bushing, so that slight movement of the plunger starts a change % the fuel 
setting. All of these factors contribute to the high sensitivity of hydraulic governors^ some 
of which will respond to a speed change of ^.01 percent. This high sensitivity makes it 
possible for a hydraulic governor to maintarh a control speed with great precision. 
Sensitivity is also important because it permits the governor to act iiiMiiediately when a speed 
change is just beginning and thus prevents developing of largeV speed fluctuations. 

(3) Actual hydraulic governors . As previously explained, hunting-due to overshooting 
will result if an engine returns to control speed after a speed change and the 
fuel controls are.set ss required during the speed change. The simple hydraulic 
governor has the same fault. As long as the speed is above or below the control 
speed, the simple hydraulic governor will continue to adjust the fuel system to 
decrease or Increase the flelivery of fuel to ^he engine; There is always a lag 
between the moment that A change in fuel sett^rtg is made and the time the engine 
reaches a new equilibrimi speed. Therefore, the engine will .always return to 
control speed with the fuel delivery overcorrecTWL and hunting due to overshooting 
Will result. 

To avoid over shooting, a governor mechanism must anticipate the return to normal^ 
speed and must discontinue changing the fuel control setting slightly before the new setting 
required, fpr sustaining the control spj^ed has actually been reached. A mechanism which 
enables a governor to anticipate the return to control is termed a compensating device wh)ich 
every hydraulic governor must ha^ve. ^ • 




The simplest method of compensating for a hydraulic governor is to provide >-^ed 
drop with an increase in load. While thi^^ethod does prevent truly isochronous governing 
with this type of hydraulic governor^, the spe«^ drop can be held to minimum and the governor 
still possesses the advantages of fine sensitivity andjarge regulating forces. 

One mechanism employed to provide this compensation is illustrated in figure 3-22. 
The lever corttrollirtfj the tension of the speeder spring Is moved by linkage with the/ 
fuel-control mechanism'. In operation, the mbvement of the hydraulic power piston, which 

. regulates the" fuel-control setting, also acts to change the tension of the. speeder .spring. 
Thus, an increase in fuel corresponding to an. increase in Toad Is prodneiW by an upward motion 

.of the power piston. This^ motion raises the right enrf of a lever fastened to the end of a 
shaft and thus turns the shaft whifh opf?rates the fuel-contral mechanism. At the same time, a 
pin In the fuel-control lever located in a slot of the forkadj^ver slightly lifts the upper_ 
- spring and thus decreases the spri^ force. This lowered sprfhg force Will require less 
centrifugal force, and, consequently,, a lower control speed is n^ssaVy for balance^ ^ By 
adjusting the leverage of the linkage between the fuel-control and>the speeder spring, 
depending upon the characteristics of the engine, the amount of speed drop necessary to obtain 
tHe compensation required will be provided and stable operation will result. 




1 



Fig 3-22.- Hydraul 1c governor with. c6mpens»tion. . < 
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ja) Jsocbronpus governor co<npen$ation ; In order to obtain compensasitlon of 
hydraulic governors and yet maintain trjily Isochronous-governing, another 
method must be used.' One M)echan1sm which provides compensation without speed 
drop is illustrated in figure 3-23. The pilot-valve plunger operates* In a 
movable pilot-valve hushing in which are located the ports control Ting the oil 
flow. The movemenl of tht^ valve ]^ushing duriog a speed change is controlled 
^ tiy ihe receiving cohipensaling pislon to which It Is attached. It should be 
W , notes) th^t und^r constant-speed oiJeration, the compensating spring will hold 
th'e pilot-valv^it)ush*f\g in its central position, Thu^, until there 1$ an 
actual change In the fuel -control mechanism* the act1on*of the pilot va,lve-1s 
the same as in the ^simple hydraulic governor shown Vn figure 3'-21, The 
compensating action of the valve bu?h+ng ts controlled hydraul leal ly by 
transfer and by leakage of oil pressure between the compensating receiving 
piston and the^compensatlng actuating piston. The rate of compensation is 
^adjusted to fit the engine characterlstlcs^by regulating the oil leakage 
through the compensation valves. > • . 
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Fig 31^23'. HydrauVic'^oyerno^^ 



The operation of this hydraulic cdmpen$atipg dev.lce dufirtg the^change fh load may be 
^explained as follows:; when the lo^^J -on" the engine increase, the speed will start to decrease, 
causing the spei^der spring to overbalance the reduced cenlrifugal force of the f lyballs. TbU 
. actioii;moves the pilot-valve p^lunger doWn,^as>5bown In figure 3-^23,, so that the c6ntro1 port 
in the bushinig, which is riprmally covered by'the lower land on the pjlot«val ve^p lunger, is 
uncoyeretd qnd put In connection with\.the supply of pi Tunder pressure. The oil un^e.r pressure 
"t hen flows through, the open control port to t;he^bottbm of ' the power-p1st|)n cyVlHder, begins to 
lift the power pi stTon, and befgin^ to move the fuel cbntrol tpward mof;e';fuel In the sime manner 
»-as in an elementary ^hydrauT 1c govern V/^^ governor:, however, the actuating piston is 

connejpted tb the\pbwer piston and thus^moves up with 3t\ *As the actuating pistdn moves up, it 
, forces the o^l above it through paS^Mjdes, partly tojC^ valves and partly 

to the top of the recelvtng pistonV^grlntg a rap^J^movementpf the power piston, however, 
ivery littje o,n can Jeak-pasit the pi?$d1e valves* When the power piston first moVfts up, the ' 
^btl ^rbm^the actuating fJJttort'^ piston down agains,^-the action of" the 

^^'Comp^nsating spring; The pilot-valv6 bushing will thus move'down the fuel-control \ 
\nechan1sm .is moved 'tbward^l^ss fuel . When; the pi lot-|LaWe Uus moves^ down, .the control ^ 
port wi11\come ppp^sjte anrf^^ on the pilptwalVe plunger, 

which prevl^ujiTy Itad been moved dpsiyn undfer the actlori>^ speedup :S|fring, Thl^ will cut 
pff the 'oil pre^iurief' to the powef piston* and pre.y^ei^l^^^^^^^^ lnGrea$(&' In the fuel suplilyv,, . 

u -^^"^^^ fuel supply Js' lrfcreased; however, the;:^p6ed of the enginie Will start 'to, p,1cH ' 
up and, as the engine *$p0ed gradually returns to i?ormai; th6 centrlfuga^l {force of the ^: . ' 
'flyweights will moye'p|||t pilot-^^^^^^^ pluni^er .tjatrk to its formal central position. .By proper ^ 
atjjustmeht of th^ pbwfl^S^t ion. needle oil abo^6 .the receiving piston c'ah be ipade 

to Teak out at a certain rate^ This AifllV allow th^ gradually to . 

move, the receiving* pistort up'asr.the oil is fore e'b; back to the nee^dle valves* ^ Thus, the - \ ^ 
p11ot-valv6 bushing may be returned to its pormal central ppsftioTi at the same fflj;^ *s^ the 
pilot-valve plunger, so that the centra) portt is kept- covered' and no fyrtheW regulation of the , 
iPuel control tal^s pi acfe* : > , ^ * . ; i , ' • 



When there Is a decrease In load and the engine starts to speed up» the same sequence 
of operation takes place In the opposite direction. In this case, the Increased centrifugal 
force duk to the Increase In engine speed moves the pHot^alve plunger up/ This uncovers the 
control port and allows the olV trapped In the bottom of the power-plstdn cylinder to drain 
back to the oil lump • ^ The power pistons thus moves down under the action of the power spring 
and moves the full control In the direction toward less fuel. As the power piston moves down 
to decrease the fuel, t>ip tctuatjng piston Is als^y moved down with It, This movement draws 
oil partly JU*rouah j|th^ comE^?nsat1 on needle valves and partly from above the receiving piston. 
If this aonon oAufS rapidtly, very little oil Is drawn through the needle valves, and thus 
the reccing piitqn Is'rooved.up against the action of the compensat:1ng spring. Since the - 
^lot-valve bushrag also moves up with th^ receiving piston^ the control port will be^dos^d 
when' It comes opposite the land on the p1lot-va1ve plung^. .iThis will cut off the oil line 
from the bottom 0/ the power-piston cyliJider, thus trapping-^the oil and preventing further |^ 
decrease In the fuel supply. When the fuel supply is decreased, however, the ^^peed of |h^ ^ 
engine will start to slow down* As the speed gradually returns to normal, the flyweights rjiove 
in and the p11ot-valv« plunger will return tVits normaV control position^e During the 5(>eed 
correcl^ion, the compensating spring begins to move *the pilot-valve, bushing back to its central 
position also. As. the speed decreases, ^11 will be draw up frog^-the oil sump to permit the 
receiving piston to return to its normel central posltioa at thf same rate as the .pilot-valve 
plunger. By proper needle-valve adjustment, the pilot-valve plunger may be rfcturn^d to its 
normal .central positionsVo bhat after the ini^al fuel change, the control port is closed ^ind 
no further fuel regulation takes place, »^ 

If the power piston is moved the first time to give exactly the fuel setting required 
to balance ^he cfiange in load before tWe corttrol port is'Closed by the compensiit log system and 
the' port ^remains' closed while the engine returns to control speed, there is no hunting at 
all. This condition is^known as dead-beat' governor) ng and is difficult to obtain in 
practice, Howev|Ml1tWtheL governor compensation is adjusted correctly, only a slight amount 
of huht«1ng-Qf jjjfB^im^y^A^ will oc<^r following \ load changie which will quickly be damped 
out , ^esul ting In5t0\eopc^**^<>^ throughout Hhe dperat'ing rajge.'^ 

(b) Load dUtrlbution . . An engine equipped with an Isochronous governor can carry 
hny lo^d between no load and thi maximum load or overload tha^t'the gov^nor 
"will permit.^ If two or more engines are coupled to a single load, they cannot 
ai^ be equipped with truly isochmnous governors unless the engines are 
codpected to e.lectricget!jBrators^lav1ng special ch^racter^tics which jillow 
/ for operation in partfl lei' with, isochronous governors. Sfie Isochronous 
governors, permit -any fuel setting within the capacity of systems, 
prpviding the speed remains constant^ they are Incapable of distributing ^he 
load'between two engines iJi a predictable mannVgr* Engines.which are lo be 




oper^ed in parallel must governors with a speed droop. Not more than gne 
engine in such* a ^stem ma^Be, governed truly i^chronousl^ A simple method 
/ «. of introduciing speed drop 1^ to uife a suitable. Tinkage between the 

X fuel-coritrol mechanism and the speeder-sprihg compression regulator, such as 
• * ' showo In figure 3-22.' A similar mechaitism may be attac^ied to a compensating 

- Jsochronou's hydraulic governor to obtain speed drop. Adjustmentvof the lever 
* - u /jinkage may be made to x>bta1n the'desired speed drop required to distribute, 
the load adequately, - ' ^ 

' * ■ ■ . ' 

(4) Load-limit qayernors . At any particular engine speed, there is^a rather definite 
' ' ^ maximum*'sus{a1ned load which' an engine can carry w1t4i()ut damage, An ordinary 

* governor, whether' isochronous «r built* with speed .drop, is sensitive only to 
'V ... speed. If the engine slows down, the governor wjll increase, the fuel Supply even 
though this may overload the ehlgine. To prevent the governor from Irfcreasing the 
fuel suppljM^gyond that required fon a safe load, the governor may be equipped 
with a maximum-fuel stop. If a fixed stop were used, -It would permit the engine 
to be ov/srldaded ^t low speeds if it wer^ set to allow the maximum safe load at . 
* fulV speeds Tp give fulV protection throughoirt the full engine-speed range, and * 
V at the sam*^time"t6 al' low the engine to .develop its maximum 'p#in1ss1ble, power, the 
governor may be^equipped with ji variable maximum-fuel stop which will permit the 
delivery of J^he maximum safe f^uel.^upply at any engine 51^eed. Such a device, is , 
. k^flw as a^tprque;i1m1ter, ^ I ' « 

, ^ The max^num fiu^^deii very permitted by a torjque limiter may te set slightly below the 
smok^e timit for the tdwln^, ^0 that tf^e engine will automatically give practically smokeless 
.Operation.- , ■ . . . • , > 



If 4 very heavy load Is pui oh an/engine so that a maxtfnum-fuel stop comes into 
operation^ then the "engine speed wilVd>^op below the governor contro") speed; and the engine 
will operate With a fixed rack- settlii^r^ If it had no governor. Most types of loads demtfhxl 
leis driving ^torque as speed decreases. In most cases tftie engine will be able to carry the 
load without stalling at some reduced speed.* The engine w4 11 develop a somewhat reduced 
^torque and a greatly reduced power as -Its speed decreases^ but^ will probably still be ab^le 
to drive a ship br run an overload aeneratbr at some below-normal speed. 

# 

.A typical load-limit governor is illustrated in figurel-24. It consists of a 
spring-loaded centrifugal governor which operate'i a hydraulfC^lWot vam for< control ling the 
load-limiting mechanism. This mechanism consists of a spring-loaded plunger or piston to 
>*hose^ right end Is attached a stop or cap which limits the movement of the main fuel 
controls, there is also a sloping cam surface cut into the <ower sixle of the load-limit 
piston on which rides rides the i(;oller attached to the top of the'-speeder spring. The 
position -of the load-lflnit pistQO thus controls the compression pn the speeder spring. In 
"operation, when the. ^peed Increases,* the centrifugal forces of the flyweights moves the 
pilot-valve plunger up and uncovers the control port. This permits oil trapped in. th< * 
load-*1m1t cylinder to \lrain out and^allows the spring-loaded piston to move to the left. This 
moves the load-llml t^stop to the position permitting maximum opening of tt\e fuel controls. 
When the englne^slows dowrt, the pilot-valve plunger will move down and open the qontrol port' 
so thdt R connects with the supply of oil under pressure. The oil pressure acting on the 
load-limit piston will move U to the right until the control port is again covered. As the 
load-limit piston moves tb the- right, the roller riding on the pisjton cam surface will move up 
to reduce the S|>eeder-spr1ng compression so that the centrifugal force of the flyweights will 
be balanced atfa lower speed. Thus> for every engirte speed there is a correspojiding position 
of the poweV pflston -which will provide the necessary spring compression to balance the \ 
^ptrlfugal V&rce of the flyweights and fftaintain the pilot-valve plunger In its control 
position covering tUfe control port. o ^' i p 

" _ ' \ V - _ - 

.* • 




» 
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Fig 



3-24.' 



Load-1 imit iiydraulic governor., 



At very low speeds > the load-limit piston ihust be mo^e allthe way to the right before' 
thp^speec^er-si^^ing compression' can T)e re^luced sufficiently to balance ithe l.ow centrifugal 
forde ojjtheflyweigbts. As a result, the Ibad-li^nit cam will stop the movement of the fuel 
contro^lpt 3[k Jowest limit by means, of the steep jTope, on the end of the jcam. 'This yiill 
prevent overroadtrig of the eiTgine at low si^eeds where the engine Is more likely to smoke. By 
properly designing the slope of the load-.llmU, cam; the load for e«ch;position corresponding 
t%. a cect^in engine speed will -thds^. be ^limited to- [prevent oyer load ^ ' 

Over speed ^vernors and trips , Ovjw speed governors are employed as . safety 
devices to protect .engines from damage due to over -^speeding from, any cause. When 
anenglne fs equtpped with a regular speed governor of any type, the over speed ' 
go^iferrior will fqriction on-ly in the event of- failure of operation of the regular 
governor: If the engine speed is manually controlled, the over speed govtfiy^or 
t^iU funqtioD in cas^ the Spfeed incre.ases"beyond a s<^e limit beforfe the o|jrator 
can control it. ^ " \. . 



(5'j 



- Sincrf over speed, governors ^re essentially emergency controls, they must operate 
either to stop combustion or limit the combustion pressures In the engine cylinder In order to 
slow It down. This control of conibustlon may be obtained by either regWlatlon of the /uel or 
air supply. Most over'speed governors function to cut off or limit thelfuel sOpply to the 
engine cylinders. -In somt two-stroke engines, however, tt Is p(^ss1bleA)r an englnre to run 
a\l^ by burning lub>^lcatlng ofT which mfiy happen to be taken In with the fresh air. Where 
this may occur, the governor Is art^anged to cut off the air supply to tr>e cylinder and thus to 
stop the. engine. Over speed governoirs ^hich brln^ an fenq>e to a full stop bv cutting' off all 
the fuel or air supply^-are commonly known as over speed -trips. If the over speed control 
mer'eV. slows the engine down but|tollows It to continue to run at safe operating speeds, it Is 
bel'ter termed an over speed goverS^. 

Over speed governors and tr^ps of all types depend upon a spring-lqaded centrifugal- 
governor -element for their action.^ The spring in this case is preloaded to h focf:e which will 
overbalance the centrifugal force ofthe flyweights until the engine'specd rises above the 
desired maximum. When the speed is reach'ed, the centrifugal force -overcomes the^spring force 
and puts to action the controls wUich cut off or limit the air or fuel supply. , 

^he actual operation of thre fuel or air controls may be accomplished diVectly^y the 
ceij^trtfugal force of t\\^ over speed governor, *as in^a mechanical governpr, or it may be 
^uppMed by oil pressure, as in h hydraiilic governor. In an 6verspeed trip, the sh<t-off 
Vcontrdl may be operated by the force Of a power spring which is put under tension when the 
;i,r1p is manually^ reset and H held there by m&ans of a latch. When the maximip speed limit is 
exceeded, a sprtng-loaded centrifugal flyweight ^1 1 1 move out and tfip the latch, allowing the 
power spring to operate the "shut-off contr>ol . ^^i^, 

""'^ ^ ' ' - " ^ ' ' \ ✓ 

V ^ ' - - - ^ 



S£: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. (^Describe the prlmSry function of the governor. 



2. Describe the four classifications of governors, 
a. Constant-speed: • . 



b. Variable-speed: 

c. Speed-limiting: 



d .* Loa d-l 1 nil t1 ng: , 1^ — ! 

The decrease In the speed of the engine from no-load to full -load expressed In the 
r^ Is jailed ,' ^ 



/a. hunting. c. sensitivity. 

^ b. speed droop. <1. stability. 



Maintaining the speed truly constant, regardless of .the load with perfect spe6<i 
regulation is 'called * 



a. promptness. ' c. «5ensitivity . 
^ b. hunting. ' d. 'Isochronous governing. 

5. The continuous fluctuation of the engine speed, slowing dow^ and speeding up from, 
the desired speed due to overcontrol by the governor' is* cal ir^ 

' a* hunting. ' ^ " c. stability. 

b. promptness. ^ d. sensitivity 



6. jrte ability of the governj^to -naintair 
cjgied : ^ ^ ' 



a. himting. 

b. pt^0)4>tnes'5. 



,to'na1ntain the desired spee^ without fluctuating! is 

. ■ % 



c. stability. • , 

d. , isochronous governing'. 

7.^he change in speed'hefor^e the.governor will make a corrective, movement of the . 
fuel control is termed 



a. sensitivity. ' c. promptness. 

b. stability. d. isochronous governing 



8. The speed or action of the govern»r is called 
a .. 



a., sensitivit.y j^1>. pr^ptness.' 

cji stiibility. d. ' speed dro9R. 

9. Describe two types of governor?.; 




Matx;Mng: Column I '(items 10-13) lists the four types of mechanical and hydraul ic 
governors. Column 2 contains four ill ustratfons depicting the four governor assentlies 
Match the type of governor in column 1 with Its appropriated lllustrnionn in col ?. 
Place your answers in the spaces provided. 



Column 1 Governor Column 2 Illustration 
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Answers to Study Unit 13 Exercisies ^ > 

Wory>Unit 3-1. * " ' ^ ^ 

1, a. Meter or ineasure the cori^ct quantity of -fuel, 
b. Time the fuel Injection. ' 
^ c, Contfpl the rate of Injection* 
J Atomize or break up tht&^fuel Into fine particles according to the type of 

combustion chamber. . ' V 

>\e. Properly 'distribute the fuel in the combustion .chamber. 
* o2 » c • » 
^ 3. Commo»-Ra11, Individual pump, and distributor 

Work Unit , . ■ ^ 

1. c. ^ ^ . 

2. b. _ ^ 

^ 4. I^igh pre$$uft 1$ obtained on the pari of t!\e4)lunqer stroke^ after the plunger has 
required a certain speed » ahd discarding the Initial part of the stroke* The Jerk 
pump *lten produces a sudden accleratlon In the line causing a jerk, 
5 • c • ^ ^ ^ 

f ^ The valve of l:he pintle nojzle Is "provided with a pin or pintle protruding from 

•/ the hole^ln the bottdW^or the nozzle, In which there Is a close fit. Tbe^fuel 

delivered by such a nciyzle^must pass through an annular or ring-shaped orrrlce. 
7. In tbe hole-type nozzle, ' thef e may be one or several jspray orifices In the form 
of straight round holes, drilled through the tip of the nozzle body below the 
valve, seat, 

^ ii 8. d. - ^ . - . . 

9. a. . ' , 

Unit 3-3.. ' . ^ , 

1. CleanHne&s is the most necessary qualit;y of diesel fuel. The fuel should not 
contain more than a trace of foreign subwances or materials or problems with the 
fuel pump and ihjectofs will occur. WateK is more objectionable than dirt because 
v^hile the dirt way be suspended for Iqng pkriods^ the water will cause a ragged 
operation and corrode the fuel system. xj/ >. 
Viscosity of an oil is an indication of its re sjg^ nc^ td flow. The higher the 
viscosity, the greater the resistance to f how. jpfresflrT fuel must have a low 
viscosity to flow at the lower temperatures tbavnire encountered- while having 
enough viscosity to l^ibricate the closely fl^ed fuel pump and Injector plungers" 

property. - " ' . ' - • ... 

Ignition Quality of a diesel fuel Is Its ability to Ignite spontaneously under the 
conditions found in the engine (py Under. Insytead of the octane rating found in 
gasoline, diesel is rated by cetane; , . 

2. / c. ' ' - ■ „ 

i 'Ml:' / ' ... - 

^ 5. d. ^ > ■ . ; .... 

Work Unit 3-4. 'J|^ ' 

1. a. Friction horsepower rfue to^the friction, windage, and.pump,ing losses withirf, 
the engin* itself and required by the attached, engine ilr1ven»»irl^l4rys, 
' t: b. The load connected to^the main drive shaft which>^ak« the useful ^ brake ' 

hor^power output of the engine. - T ? 

^ Work Unit 3-5. ' l' . . ■ 

, ■■ ■ . , ■ • . - 

1. A governor is, essentially a speed-sensitive device designed to control the speed , 
pf. an -enalne linger varying load conditionjs.* ♦ ^ > 

2. a. Constant-lpeed governors maintain the same, en^^fffspeed from no-load to 

!- fulliloa<|* . , ■ ■ ' « ^ 

' b. Variable- Speed governors I«a1nta1n any desired engine speed from idle to top 

' speed* ^ 

■ s \ Speed- ting governors control the minimum engine speed or limit its maximum 



spee«l only. 
LQad-Hmltli 



d. Coad-llifil'llng governoflfclmlt th> loed which the engine will take at various 



'4 



6, a. 



9. a. MBdjanical governors are those in which, the centrifugal force of the rotating 
• weights^ dirpctly regulates fuel supplj; by means of a mechanical linkage which 
operates 'the fUel^-Qohtrol mechanism. " ' 

b. Hytjraulic governors are those in which the centrifugal force of the rotating^ 
weights- regulates the fuel supply indirectly by moving a hydraulic pil.ot valve 
contrgll ing^oll under pressure, v^iich operates the fuel-control mechanism. 

10. b. 

11. c. ' .* . ' ^ 
1?. a. y - 

13. d. ... 
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^ FUNDANENTALS OF DI ESEt ,ENGI NES 

■ * . 

.-Review Lesson 



r 



Instruction^! This review lesson Is designed to'^fd .you l-FAprbparlng for your final 
examination. You should try to complete this lesson withoilthe .aid of reference materials, 
but if you do not know an iinsvltr, look it up and remember what it is. The enclosed answer 
sheet must. filled out Scc'brding to the instructions on its reverse side and mailed to MCI 
using the envelope provided. ^ The questions you miss will be listed with references on a 
feedback slieet |mcI-R69) wl\1ch will be mailed to your coiwnandlng officer with your final 
examination. "Y^oir jjhou Id 'study the f ef eretpe^mater lal for the questions you missed before 
taking the final examination. ^ • 

A. Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question. After the corresponding niinber on the answer sheet, blacken the appropriate 
circle, V ^ 



Value : 1 poi nt each 



1. In the diesol engine, vfork is obtained from burni-ng the combustible fuel within the 
engine^s ^ ' f ^ 

a. precombusrtion chamber. c. cylinders. 

b. cylinder ^ad. d. piston. 

'2. Which of the following is NOT a major advantage of the diesel engine? 

a. Higher rel iabi lity of operation 

b. Iligher cost ^ 

c. Lijv/er fuel consufnptibn Rer horsepower. per hour 

d. Low fire hazard ^ • 

3. One disadvantage of the diesel engVne fs Its 

a. longer life span. y c weight per horsepower per pound, 

b, . higher torque (sustai ne<jj . ^ d. prefer per pound. 

4. The fuel is burned in the ^ . ^ 

a. piston. * ^ c. crankcase. 

b. ' o^^linder. d. valves. ^ ^ 

5. A flywheel of sufficiervt ma/s which reduces 'speed fluctuations^ is fastened To the 

a. crankshaft. / . ^ "c. camshaft. • 

b. connecting rod. / » piston. , 

/ Jt . , 

6. A camshaft is driven f/om the ctfankshaft by a series^pf gears or the 



. a. flywheel. / - . 'c connecting rod: 

b. timing chain. , . cl. rocker arm. ' ^ 

* , • - ' ^ • 

7. Piston rings, 1uJ)ric^t<*d with ^oil provide ^^stighi^ seal between the liner, a 

* ' * ' , . W. -j^ . . ' 

a. pistori:-^ ' ■' . . cy/inder.- * /\ 
*b. cylirtder'fiead. . * ^lii fgllo\Jisr-r 

The 'temi .Sing li^•'act^rtg* doub'H-lfeiihg, arid opp,osed piston,,are t^s„used'«for ermines 
. -thai are clSSj|1f led by their . , ' ^ * * *j 

* '•/»." fiperating cybK, ^ . . <U cy.li"det arrangement. ^ - 

b. 'piston action. ■ , ' . >^ ^- d. rlletio-d of fueV i^lj.ectjjn 

9. All diesel engines ^ivid6^ intq / c lasses, i^n relatibn to^Sj)*ed 




> 
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♦ * # ■ - 

10, An engine thai is classified by its method of fuel injection Will use either an air or 
a ^ injection system/ 

d, solJd ' , ^- injection 

*b- multiple plunger d. distf ibutor 

11, Bore is the diameter of the cyl^er while stroke is the ^ ' / 

a. length of the connecting rodr- . * , 

b. diameter of the piston. 

c. distance the piston moves. V. ^ 

d. volume of space the piston 4^spl?c^s. - ^ ) 

12, The volume of space 'that the pjston'displaces as it moves from Bpc to TDC is known as 




cy. i 



a* bore and stroke. c. pJston displacement 

b* vacuum.^ d, /wl^etri^ effic^Jncy 

13. WhcTPthe piston starts to mov^ doj^jBPRrtfTn the cylinder on th^ intake stroke, it 
produce^ 



a. combustion. / tt « c. vacuum* 

b. exhaust. / ¥ d, pressure 

14. Volumetric efficiency is jtf^ ratio betweert the amount of fuel-aic-mixture that enters 
the cylinder and the amoi 

a, of escH^ing fuel air mixture, 

b\ that cou^d ^nter under ideal conditions. 

c. of pressure within the cytindeHf 

d. of power produced. 

15. Volumetric efficiency can be increased by using a blower or a(n) 

a. fuel with a lower cetane rating* 

b. ' supercharger on the diesel engine. 

c. air-compressing device, 

d. lower fuel-air mixture. 

16. The hiovement of a body against an opposing force is defined as 

a. energy. - empower. 

b. wdrk. d. force* 



worl^ it cando 
in CTie tar|(^ 



^ 17. The faster a tank travels, the more wor|^ i t cajijjo as it pushes over^ trees. This is 
due to more * ' stored 



18. 



a . energy c. , power ^ 

b. fuel ^ , - d. work 

The rat£ of work is identified as being * . 



a. energy* c. power. * 

b. foot-pounds. * * d. horsepower. ^ 

19. The dynamometer is essentially a dynamo of a special type that can 

a« absorlr all tfie power the engine can produce. 

b. drive equipment exerting enormous power* 

c be made of^,a series of woodert blotkff around a flywheel. 

d* be less coniplicated, although less flexible, than a prony brake. 

2*0. The* effect which rptates or. tend? to rotate a body is called 

a. work. - 1 power. 

b. energy. d. torque., y 



21. When both torque and speed are on the increase, as In the speed range of to 
1,600 rpm, then horsepower ^ 

V 

a. drops gr^dally, c. Increases gradually, 

b. drops sharply, - d. Increases sharply. ^ 



22. Resistance to movement ts called 

. a. surgence. d. drag, 

b. friction. * d. obstuction. 



V 




23. The mechanical efficiency of the engine is the relationship between the power • 
developW in the engine cylinder and the power delivered by the engine 
Is ; the power delivered by the engtne is 

a. brake horsepower; Indicated horsepower. 

b. ' mechanjcal efficiency; thermal efficiency* 
r C4' indicated horsepower; brake horsepower. 

d, thermal efficiency; mechanical efficiency. , 

2^. The relationship between the fuel input ^nd the power output is called 

a. efficiency. cT mechanical efficiency. - - 

b. thermal efficiency. d. power efficiency. 

25. The ttlree types of cylinder Miners li ^cussed in this course are dry liner» wet liner, 
and * ^ 

f . ' 

a, ' machined liner.- c. water jacketed liner. 

b. cast-steel liner. d. teflon liner. ^ 

26. The part ^f the erigjiie that seals the combustion chamber and may contain the valves is 
the 

a. cylinder liner. c. cylinder head. 

b. crankca^e. d. crosshea^ guide. 

27. The transformation of reciprocating motion into rotary motion is the function of the 

a. piston. c. crankshaft. , 

b. connecting rod. d» camshaft. 

28. The transmission of energy of combustion through the connecting rod to the crankshaft 
is the purpose of the ' 

a. val)(ies. c. camshaft. • ■* . , 

b. piston. d. cylinder head. 

29. The three purposes of piston rings are to: seal the space between the piston and 
liner; transmit heat from the piston to the water; and to 

♦ 0 j 

1. stop oi 1 from bgi ng burned ... s \ ^l^> ' 

b. spread lubricating oil on to/ th? liner. * 
, ci prevent high pressure air from escaping into the n^d. 

d. danp out part of the fluctuation. \ ' - 

♦ ■ » • \ . ' ^ ' - 

30., Transference of up and down motion to where it is changedfto rotary motion is the 
pu^rpose of the • . . » 

a. camshaft. " ^ ' . c babtit. * ^ 

b. ^^nnecting rod. • ^d. ' conpression rings. , 

31*' The control of the operation of the engine valves Is^the function.of the 

crankshaft. ^ ' ' - C; trunnion. ( , 

camshaft. > ^ - > > d. .flywheel. / 




32. In the illustration below, i<ientify the strb^e-cycles . 

^ «. Intake c. Exhaust 

b Power ??!r f Compression 



•»«• ■ '•nut 



) 





33.' A twO'Stroke cycle Is completed In ^ revolutions of tJie crankshaft, 

. «^ 1 c. 3 

2 t ^ d. 4 



>34. Compression ratio Is the volume at bottom dead center divided by the' volume at 



I urn 

a. high speed. ^ — - . c, constant pressure. ^ 

b. TDC. V d, low Speed. 

■ ' ■ ' . «. 

35. A higher compression ratio will achieve ^ ^ ' 

a. more power. c. less engine wear. 

b. higher reliability. d. lower conbustion temperature.- 

36. The two methods of burning fi^el within the cylinder are ■ 

a. constant volume and constant injection. 

b. constant pressure and constant volume, 

c. injection and turbulence. 

^ d, pressure and injection. . . 

a. Identification: Ideritify the three methods of scavenging as given in 1*ie situations 
' provided below (items 40-42). For each item, select thg ONE letter (a. b; or c) 

indicating your choice. After tl)e torresponding nunfce^* on .the answer sheet, blacken the 
appropriate circle. . ' , . 

Value': 1 pol4it each ' ' 

37. The piston uncovers first, the exhaust ports, and releases the pressure. Going down 
. furtlier, the piston uncovers the scavenge ports and begins to adnit slightly 

compressed air, whose str^m is directed mainly upward, and thus pushes out the 
^ e)(haust gases. * ^ 

a. Return- flov} .scavenging ^. c. Cross-fl ow- scavenging - ^ ' 

b. Uniflow scavenging 




"wil"? 



38. The lower piston controls*the exhause fjltlfts and 'the upp€^r one the,sc<lVen 
order to obtain the proper sequence for intake and e,xhaust, tjhe lower c ' 
precede tJie uppejr crankshaft by 10-15 degrees. 

a. Return-flow scavenging c. Uni -flow stavenging* 

b. unifljow scavenging ' * J . 

39. The sequence of jfort opQn4|gs is the ^ame as iQ the first situatl9n, but the air flow 
is different. The air poflt and exhaust gas port are located on^ the same side of the 
cylinder, thus giving^'better accessibility. 

a. RetunHflow scavenging - o. Uni -flow scavenging 

b. . Uniflow scavenging. " . ' ' ' - 




Multiple Choice: Select the dliE>4Qi)(ier that BEST completes the stateitent or answers the 
question. After the corresponding nunter on the answer sheet; blacken the appropriate 
circle. 

V/ilue: ^ 1 point each ^ 

40. Air pressure is provided to the qylinder by two^ methods. Thes^e two method are: 

a. compression of «1r" and inlet ports. r . ^ 

b. use of a pump and compression of air in the crank case. 

c. use of a pump and use of a blwer, : 

«»d. use of a pump and compression of air '»V^c cylinder. 

41. The gas and the diesel engine are similar me'chanically as both 

a. have pistons, connecting' rod and camshaft arrangements nearly the sanfe. 

b. have the stroke-cycle sequence of intake, power, and exhaust. 

c. types use air, fuel, compression, and Ignition. 

d. burn the air-fuel mi xture externally. - ' 

42. The control and speed In the diesel engine are controlled by the 

a. "amount of air provided' to the cyrin'der. 

b. quantity of fuel Injected Into the cylinder. 

c. short coirbustion period. 

d. speed limits engineered In the engine.-* 

43. The movements of' the ■ • > are transmitted to the crankshaft by thg^ 
of a connecting rod. ^ 

^ ~* * \ V ■ * ' " 

a. "valves \ c. cam 

b. piston \ , - d. cylinder 

• - " "^^^ - , ■ ft ■' 

44. The resistance of a body ^.a change In motion is ^altfed 

< a. worb.- r , \ ' inisrtia. 

b. stoppagjB. , crankpin. 

45. Whiit stores up energy dur1ng„the working stroke and gives it back Airing the rest.o^f 

the cycle? w * - ' . , ■ 

a. Ptston ^ c. Crankshaft 

b. Hywheel ' d. Crankpin " . ' 

' . .. ' 

46. The tire It takes before the cool fuel spray lb ecomes heated and vaf^rftes so as to 
,^1*5pite is called . , ■ \ ' > ' * 



a. retardation.*" ' cj ignition deUy. 



b! time lag, . d-:* retarded iSFiltion. a 

47. The bluest thernal ef'^lciency is obtained from the fUel^ich burns at the 



at top dead center. 

a: slowest speed c hi*e^t compression ratio 

U. lowest pressure " d. h1#iest' pressure 



48. TurbuUnce Jn the two stroke engine is created by making the * 

a. valves fo^^Wtake smaller. c. scavenge a fr ports . closer together. - 

b. ports larger and much deeper. d^ scavenge air ports tangential or angled. 

49. The only way to find the correct timing is by . 

a. operating the engine, measuring valve clei^rance, and chwging the'^teing. 

b. operating the engine, finding the Desf^ti.ming, and changing the timing. | . 

c. starting the engine, running the engine, and finding the best timing. . 

d. changing the timing, running the engine, and using the timing tool . 



50. #^Superchargirvj has as its object an increase ii^the power which 

8/ can be achieved throggh speed control, * ^ . 

b. change^ the design of the engine. y 

c. an enoVne could develop if^ all of the factors of inert U remain th^ 'silnie. 

d. an engine of giv^en piston diisplacenient and speed can develop. 

51. Three types of Mowers are: 

a. r.iecharvical, pneumatic, and -solid* 

b. reciprocating^ rotatina, and centrifugal. 

c. ^m^chan^al, centrifugal^ ,and pneumatic, 

d. pneumatic » rotating, and reciprocating. 

52. The pump that uses exh^st gases to propel the compressor which provides^high air 
pressure is called* a, 

a. blower. / c. turbocharger , 

b. supercharger. . d. mean blower. 

53. The five requirements for the- injection of fuel are 

a. metering, timing, rate of injection, atomiiAtion, and distribudon, • ^ 

b. metering, injection, blowing,^ comblistion, and breathing, 

c. timing, rate of metering, injection,|hitxture, and combustion 
d* rate of injection, timing, meter ingyi|ixture> and vacuufti,- ; > , 

54. Tv^o methods of fuel injection are air'and . - ^ 

a. solid, , c, diesel. 

b. water. * d. nozzles. . ^ ^ 

41atchin^ Given a list of four types' or parts of the fuel injection systems in column 1 
(items 55-58) and four definitions or uses ii< column 2,. match th6 item in column 1 (items 
55-58) with its appropriate definition or use in column 2^ After the corresponding number 
on the answer sheet, blacken the appropriate circle. - 

Value: 1 point each [ ^ 

Colunjn 1 " Column 2 * 

. Type/part t> Def ihitfon/use * 

55. Distributor System f a. "This system is not suitable for highspeed, 

^ ^ smal l-bore» engines because it is difficult 

56. Unit Injector System ^ control' accurately t^e small amounts of 

fuel injected Into each cylinder/ 

57. Conmon-Rail System ^ - ^^v,/ 

' * _^ b. This system has two essential parts. to each 

58. Pump Injection System cylinder/ the injection-pump and fuel 

nozzle. ' - 



. c. This system combines a pump and a. fuel 
• ^ • ^ spray nozzle in one unit. 

\ ^ ^ d. This system is used because of its low 

cost, lightness, and simplicity of desigru^ 

^Itiple Choce: Select .the OME ajiswer that BEST .completes the statmenfr or answers the 
question. After t\\^ corresponding number. on the answer sh^et, blacken the appropriate 
circle, , ' . ^ 

. 

Value: 1 point ^ch ' . n 



59. Two typ^s of fuel nozzles are the ^ and - type. 

a. * valve and plunger \ ^, c. open and closed 

b, aif and mifctianical d. rotor^and fork 



60. Two types of fc-losed-end fuel nozxlet are the and ' 

a. rotoi^. fork. *^ c. rafT. piiwp. 

b. pihtl#, hole. , ' ; d/ hole, saddle. ^ 

61. ' Xhe jark pump produces a sudden acceW||,ton of • • -causing a Jerk. 

a, the fvel In the cylinder • c. ,atr pressure' in the cylinder . 

b. the fuel In the 11rij?s d. air- and fu6l mixture in the cylinder 

.62. The three.most important qualities. df diesel/uel are ^ 

a. viscosity, ietane rating, and lubrication. , 

b. ignition qual-itir, lubrication, and vis^slty. , - • . " 
• c. lyl'scoslty,, knocks and ignition auality.A 

d. v1scj5>s1ty, ignition quality, and cleanliness. , 

Matching: Given a list of four types of combustion chan^bers in column 1 (items 63-66) and 
charitcterlstics of each type in column 2, match the type of combustion chamber in column 1 
with" its characteristics in column 2. After the corresponding number on the ahswer shtft, 

, blacken 'the; appropriate circle." r . ' - . ^ 



Va-1ue: 1 point each 



Column 1 Column 2 , »• • 

,Cofiibust ion Chamber ^ Characteristic • ^ 

>■ , — , i — — ' — ■ ^ ■ — ^ 

63 * Divided Chamber ' a. . The combustion chamber that hiis two 

" ' rounded spacfes shaped like figure iti9*»ts 

64. Open Chamber ^' - . cast in the cylinder head 

65. Turbulence Chambec -b. The chamber that has very little clearance , 

between the- top of th"e cylinder and the 

66. Precofiibustion Chamber ' i. , ' • head ' ■• 



The chamber with {n auxiliary charter at 
the top of the c>*4jider 



(t. The simplest form of chamber with its use ,/ 
' , limited to slow-speed d1e»| engine end *^ 

- ' Tew high-speed ?-stroke-cy?ie engines 

II. Multiple Choce: , Select the OWE answer that BEST complete* the' Statement or answers. thp 
question. After the corres()onding number on thi answer sheet, blacken the appropriate 
. circle. - " . ^ ■ 1 • 

Valu^: 1 point" eadh ' ' . . 

' ■" . ''V » - . . r , _ 

67. The two^^es of engine loads are and . ^ 

a. increJfed, "lessened. c. internal, external, 

- b'. heavy^fghi. - .d. normal, abnormal. . ^ ^ ' 

68. :The>peeai?!fen$1t1ve device used to control the speed of tJye^en|1n0 under varying ; ' * 

conditions Is the . , . , / y 

a. regulator; ' » X.. governor. . ' ' 

b, injector. - ' - . d; fuel pump.- , ' . . - 

I. Matching: Given a list of four classifications of t|Over«or$. in tolumu V (items 67-7i). and 
the. functions of each listed irt column 2. match ^hk^laSsificatlon In coauciri with its , 
function in colurtn 2. AfterHhe corresponding number on the answef sheet/ hTacken the > 

•■ appropriate/circle/ ' ■ ' ' / • ' ' • • ' l| > 

■ • ■ , ' 1- ■ , . 

Value: 1. point >ach • ^. ' * % 



Column 1 
CI assi Hfa t1 on 

69. Consent -.speed 

70. . Variable-lpeed' 



J. 



Column 2* " 
Function 

a. Maintains any desired spe'od from idle to 
top speed . ' 

b. Maintains (he same engine speed from no- 
load to full Ooad - 

c. ^ Limits the'load which the enginfe will tak 
at^various speeds 

d. Controls the minimum engine speed or 
limits its maximum speed only ' ^ 

ISw^l^«„5il!r five:governTng characteristics in colunii 1 (items 73-77) and a 

brief definition of each in col urrih ^2. -Snatch the characteristic in column 1 with its 
*nrnL^.tJ"^"^r^ -^^^^'^ corresponding, nuntoer on ^e answer sheels* black en the 



71. Spee^-limiting 

72. Load-limiting; 



appropriate circle 
Value: 1 point eac>i 
Column 1 
Characteristic 

73.. Hunting 
74. , Stability 
75". Speed droop 

76. Sensitivi^ 

77 . Promptness 



Colunvi^2 
Definition 



0 



i. Decrease ^n the speed of the engine fronf 
no-load to full load expressed in rpm or i 
^^^cent of normal or actual speed 

i. The a^ility^of the goverrwr to maintain 
the desired engine speed without ^ 
• fluctMating 

c. The ^continuous fl uctuatlon of the engine 
speed slowing down and speeding up, from 
'the desired speed due to over control by 
the governor 

d. The speed of the action of the governor * 
expressed in the terms of the time in 
seconds required for the governor to move 
from no-load to full load v 

e. The change in ^peed required before the 
governor will make a corrective movement 
of t()e fuel control and is generally 
expressed as a jjercent of the normal or 
average speed, ^ 



Multiple Chocej^Select the ONE answer that BEST completes tJ^e statment or answers the 
2i^cle i^^^ corresponding nupter on .the answer sheet, blacken tiie appropriate 



VaVue: 1 poTnt e?ch 
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The two. types 'of governors identified in the course are 



a. internal and external. 

b. mechanical and hydraulic 



c. isochronous and metering. 

d. constant and variable flow. 



Total Points: 
* 

R-8 ' 
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' CONVERSION TABLES . 



r 



Symbol 



nim 

cm 

111 

ni 

km 



Approximatt Conversions from Metric Measures 



Whtfi You Know 



Multiply by 



To Find 





LENGTH 




miltimtttrt 


0.04 s 


jnchei 


c«nt)m«ttrt 


■ 0.4 ■ 


inches 




3.3 


feet 


mtttrt 


1.1 


yards 


kilome1«rt 


0.6 


^ mile^ 




AREA 





Symbol 



in 

in 

ft 

yd 

mi 



cm 
2 

m 

2 

km 
ha 1 



tquart ctnttmtUri 0.16 

square mvlert 1*2 

square kilometer* 0>4 

hectares (10 000 m^) 2.5 



square inches 
square yards 
squjire miles 
acres 



in^ 

yd^ 

mi^ 



MASS (weight) 



g 

kg 
t 



gremft 

kllogremft ^ 
metric tone (1000 kg) 



0,035 

2,2 

1.1 



ounces 
pounds 
sho^Wons 



oz 
lb 



VOLUME 



ml 
1 
I 
1 

m^ 
m? 



milliliters 
liters 
liters 
liters 

cubic meters 
cubk meters 



0.03 
2.1 
1.06 
0.26 
35 
1.3 



fluid ounces 
pints 
quarts 
gallons 
cubi(f feet 
cubic yards 



fl oz 

Pt 

qt 

gal 

ft^ 

yd^ 



TEMPERATURE (exact) 



(Celsius 

temperature 



9/5 (then 
add 32) 



Fahrenheit 
temperature 



-40 



92 



96.6 



op 

212 



i - I I, I q 



t-40 
oc 



T 

-20 



40 



so 

I i I I 



r 

20 



T 
40 



120 



160 200 
■ ' ' . ' ■ . ' 



60 



60 



57 



100 



9S 



J 



METRIC CONVERSION FACTORS 
] Appraximatt Convartians to Mttrk 'Maatur%f 



Symbol Whtn You Know 



Multiply by 

LENGTH 



To flni 



Symbor 



In 
ft 

yd 
mi 



In" 



mi' 



oz 
lb 



top 

Tb«p 
fl oz 
c 
P« 

q» 

gol 

yd' 



inolvtt 


•2.5 


fttt 


30 


yardt 


0o9 




1.6 




AREA 


r - 

tquart Inches 


6.6 


•quart fttt 


0.09 


tquart yards 


0.8 


squart milts 


2.6 


acrts 


0.4 




MASSr (waight) 


otincts 




poiMds - 


oJs 


short tons 


0.9 


(2000 lb) 






VOLUME 


ttatp6^t 


6 


tablttpoont 


16 


lluM ounots 


30 


cups 


0.24 


pints 


0.47 


qusrts 


0.96 


0aMons 


la 


cubic fttt 


0.03 


cubic yards 


0.76 



TEMPERATURE (axict) 



ctntimtttrt 
ctntlmtttrs 
mtttrs 
MIomtttrt 



•quart cantimstsrs 
•quart nwttn 
•quart mttsn 
, •quart htlomatara 
hacta raa 



grams 

klloframa 
matHc tonf 



Fahrtnhtit. 
ttmptraturt 



i/» (afttr 

aubtraoting 
32) 



mlllimara 
' mlllllltar* 
mllltmar* 
Utar* 
lltara 
Utara 
Htara 

cubic matara 
cubic matara 



Ctlalua 

ttmptraturt 



cm 

m 
km 



cm 
m' 
m» 
km 
ho 



0 

kg 
t 



ml 

ml 

ml 

I 

I 

I 

I 

m> 
m> 



'c 



* 1 In > 2.ft4 cm (•KOetly). 
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APPENDIX II 



MATHEMATICS OF DIESEL FUNDAMENTALS 
K Ct)inputat1ons of tfertn? found in, this courie. ; 

a.' Area. Area'ts a measure of> surface arW-1s expressed as the product of the length and 
width or of fwo characteristic lengths of the surface. *,^reas ar6 expressed in square units 
such as square feet or squa-re meters (fjg App-1). 




Area (square rectangle)=lenght x w^th 
Area = 3 units x 3 units ' . - 

Area - 9 square units ^ 



Area (circle) = (radius)^ 
Area = 3.1.4 

Area = 3.14 (3 units)2. 

Area ' =28,26 square units 



- Fig App-1. Conputing area. 

b. Volu me. Volume is a measure of space and is expressed as the product of area anfl 
length or of three characteristic lenghts of the space.* Volumes are measured in cubic units 
such as' cubic feet, cubic inches, or in liters (fig App-2). 

f ■ ■ ' 



/ / / 

























/ 




Volume (square, rectangle) = length x width x height 
, =3 units X 3 units x 3 units 

='27 cubic units 

Volume (cylinder) = Area x height 

r x h^ ' * 

= 3.14 (3 unjts)2 (5, units) 
- 3J4 (9' square units) (5 units) - 
= 141.30 cubic units . 

FigApp-2. Computing volome. 

c. Linear mo.tion. Linear motion is the length of the line along which a point or a body 
has moved ^rom one position to anothlr. Linear distance is measured In units of length such ' 
as feet, inches, or meters (fig Afip^)* ^ 

? ■ . . ' ' 



, 

f I I I I I I I I I I , 

Fig App-3. Linear motion. 



V 
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d. Rotary mot ion ♦ Rotary motion is the n^pvement cff a point or body in a circula^ 
motion. Let ir^ consider that the pbjoct show?)' in, figure App-4 will be rotating clockwise 
in a circle around point A. The pqsijbion ofthe ol^Jett may be ^S^iressed by the angle through 
There are 3600 in a circle. The object starts facing o9. As it rotjtes* 



which It moves. , _ . . _ ^ _ , . . 

1/fi of the entire circle around point A^ it cat) be said to have moved 45^ (1/8 »or 360 
45^), ;f lb moved halfway abound, It'^ld be said to have moved or rotated 1800. I 
went all the way around, it would have finished one complete^, circle or 360^ 



If it 



V 




App-4. Rotary motion. 



®* Velocity. Velocity is the distance traveled by a moving object, in a unit of time such 
as seconds, ml nutes, or hours. Velocity computed by dividing the distance traveled by the. 
time used for the travel: . 



[- 1 I I I I I I I t I 

1,^ ft) \mw\^^^ ^ 



Velocity =° distance . 

the time, It takes to go that distance 

Velocity = 10 units or 1 ijnlt 
J . 10 sfec ^ 1 sec 

9 Fig App-5. Conputing velocity. 

Velocity may be uniform or varying. If the motion is uniform i.e., when t\\% velocity 
is constant, the above expression will give the actual Velocity. If the motion, and, hence, 
also the velocity^ is not uniform as in t|^e reciprocatM motion of a piston in an engine , 
cylinder, then the above expression will^ive^he averhie velocity. The average piston^ 
velocity Is referred to as piston speed. I'he veloritylof a movlngi vehicle or aircraft 1si|^ 
generally called* speed and is expressed in miles per hourjmph) or kilometers per hour (kph) 
(fig App-6 and App-7). The formulas and examples will be^iven in the English system jrnd 
their equivalent in the metric system. . . \ 



) 
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All -2 



V. 



1 




^ actual velocity - dlsfancc^ 

time ^ 
« 10 miles, (16 kilometys ) 
^ . 60 min 

" " TO whiles (16 kilometers) 

1 hour 
« 10 mph (p kph) 

Fig App-6. Computing uniform velocity. 



-to Mlllt- 




average velocity = distance 

time . 

' , - - 10 miles (16 km) 

* 40 min 

- 10 miles ( 16 km) 

.67 hrs 

, - 15 nph (24 kph.) 

Fig App-\ Computing average velocity.' 

When r,*f erring to the flow of liquids or gases,- the rate of flow is called velocity 
and i^s expressed in terms of feet per minute (ft/min), feet per second (ft/sec) or meters' per 
minute (m/mir*), meters per second (m/sec). On the other hand,.the term speed'^is app1ied>when 
referring, to the rotary motion of a mechanism. Thus» engine speed is a^id to be so many 
revolutions of its crankshaft per minute and is designated a* revolution- per minute (rjm). ' 

f. Acceleration . .Acceleration is the chart^e of^ velocity of a^noving body in a unit ofr 
time. J\cc1eraCion may.be uniform or varying. It yiconsidered positive when -the velocity 
incjcMTses anef negative when the velocity decreases IpNegative accleration Is called 
d*efe1eration. ''^ , ■ , 

» 

^ Acceleration is conputed by dividing the change in velocity by the time during which 
this change takes place. If the acceleration is uniform, then this expression will give the 
actual acceleration (figApp-8). - » ' ' 



ERIC 
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\ 



Actual acceleration « change in velocity 

cnarige 1n time 
» 10 mph (16 kph) 
« b min 

* « 10 nnh (16 kph) - 
^60 hrs 
= 120 npb^tW^kph^) 

Fig App^rS. Computing actiurTaccelera^ion. 



If tbe change in velocity is not uniform, theK^this expressidn will give the average 
acceleration (fig App-9). 




average acceleration 



r 



change In velocity 

change in time 
0 mph (kph) toJ5 nph (24 kph) 

a mi n to 10 mm 
15 mph (24 kph) 

10 min 
15 n ph (24 kph) 

10/60 hrs 

90 mph (144 kph)^ 
90 nph2 (144 kph2) 



' Fig App-9. Computing varying acceleration. 

When the velocity is expressed in ft/mi n, acceleration will be expressed in ft/mi per 
minute or ft/min^. If the velocity is expressed in ft/sec, the acceleration will be 
expressed in ft/sec per- second or ft/sec^. > 



q'. Pressure. Pressure may be defined /as a force actinj on a unit or area. "Pressure 



may 



be exerted by a solid body, a fluid, or 'a ^s. Pressure can be c'onputed by dividing the^force 
which is being exerted by the area over whflch it is being exerted. In figure App-10, 16 
pounds (7.2 kg) of pressure are being placed on s square block with an area of 2 inches by 2 
inches (5.08 cm by 5.08 cm) or 4 square inches (25.8 cm2V. The pressure is computed as 
follows: ' . - , 



1-03 



AII-4 



press 




kg/f) 
BB cm x^5^;ob cm) 
le.lbsVf (7.2.^l(g/f) "^^ . ' 
4 square inches (^5. a^cmA) 



1)sf t28kPa)- 



F.1g A^p-10. Cpmputlng-vpifess^re,, 

In the case of contact between two solid bodes, the stir fa ces^ have a perfect uniform 
contact only In exceptional cases. The presence .0 f- w uneven are a 'wffT'glve higher pressures 
at the high spots, and lower. If ahy, at the places- of depression. In such a case, tKe , 
pressure as determined In the above example will give only the average value. HDk/ever. when a 
force and equal In all directions regardless of the shape af the walls. 

* h. Sped fic yavlty. Water Is a common liquid and 1$ often used as a standard by which 
liquids arA compared. .It can be useful to know If a liquid Is lighter or heavier than 
water. Specific gravltf is a term used to compare the weight of t»re same quantil:y of water. 



Specific gravity 



weig ht of 
weight of 



a certain volume of liquid 
that same volume of water 



On gallon (3.785 liters) of water weights 8.34 pounds (3.75 kg). If the weights of a 
liquid were equal to the weij^tt of water, if would have a specific gravity of one. n it were 
twice as heavy as water, if would have a specific gravity of two. If you knew that a fuel oil 
has a specific gravity of .84, how much would a gallon (3.785 liters) af that fuel oil wei*? 
Rementer tlie formula: 

T 

Specific gravity " Weight of a certain volume of liquid 
^-^^ Weight of that same volume water ~ 

Insert what we know in t)ie formula: • . " ' 

^ .84 » wei ght of ascertain volume of liquid \ 
■ U.34 pounds per gallon (3.75 kg per HterK 

To find the weight" of the fuel multiple .84 x 8.34 pounds per gallon (3.75 kg per 
liter). The answer is 7 pounds per gallon (3.15 kg per liter). 

Work is being dbne v*ien a force> is moving a body through «a certain distance. WorkJs 
measured by tJie product of the force (f) multipied by the. distance (d) moved in the direction 
ofthp force: < ^ \ 

Work « force x distance' > ' 

W - f X d V 

Work is expressed in foot-pounds or inch-pounds in ,the English system (fig App-11 ) and 
in Joules (J) in the metric system. , . ' 



AII-S 



' Fig. App-11. Work being performe(J. 
English Metric 

work = weight x distance moved work = weight x distance moved 

= 55 ibs'x 10 ft • ' ='24.95 kg - f x 3.048 m x G.f. 

^- 550 ft-lb ' . ' 7^5.7 J . 

Note : The»>i conversion factors (c,f.) can be found in standard metric conversion charts 

Example : ' Find the work necessary to raise the weight of 100 1b (45.35 kg) a 

* distance of 2 3/4 ft (.84 m). The work to be done is 100|( 2.75 ft-lb or* 
45.35 kg x .84 m x t.f . = 373.57 J. - V 

Power is the rate at which work is performed, or the number of units of woi^k performed- 
in one unit of time, ^50 ft-1b per second or 745.70 watts is called a horespower' (hp) . 

^ » Power = work - time ) 

' Using the example above, determine the power required to do the'work if tfle work is to 
be performed: Ja) in 5 sec or (b) in 25 sec. . - - 

•I English ' ' , 

(a) 275 ft-lb-f = 55 ft-lb-f/sec = 55 ft-1b-f/$ec = 1 hp 
— 5~liS " 550 ft-lb-f/sec 

(b) 275 ft-lb-f = 11 ft-lb-f/sec = 11 ft-lb/sec = .02 hp 

25 sec 550 ft/sec 

Metric ' ' , ^ ... 

(a) 373.57 J = 74.71 vyatts = 74.71 watts = .1 hp 
. 5, sec 745.70 watts 

^ 373.57 J = 14.94 watts =■ 14.94 watts = .02 hp 
25 sec " 745.70 watts ^ 

Noter The answers in the metric system hav^ be«n rounded off to two decimal places. 

, ' >, 

Electric pbwer is measured in units ca11« watts; 1,000 watts are called 1 kilowatt 
(kw). The conversion factor between hp and kw is^l hp = 0.746 kw or Ikw =.1.341 hp. 
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ENERGY 



J. Conservation, of engery 

J^II^LlL- Energy of a body is the ^mmt of work it can do. Energy exists several 
different forms; a body may possess energy through its position, motion, or condition." Energy 
due to a position occupie;! by a body is called mechagical potential eneV^gy. -An example of 
mechanical p^otential energy is a body located at a higher level such as water behind a dam^ 
When a body is moving with some velocity, it is said tTo possess energy of motion or kinetic 
energy; for example, a ball rolling upon a level floor. A third form of energy is internal 
energy or energy stored within a body, a gas, liquid, or solid. It exists due to the fo^ces 
between the molecules or atoms conposing the body such as In steam or gas under pressure 
Chemical energy in fuel or In charged storage battery is also classified as internalSnergy. 
These three farms of energy (mechanical potential,* kinetic, and Internal) 'have in common the ^ 
characteristics of being forms in which eber^gy may be- stored away for future use. 

Work can be classified as mechanidal or electrica*l energy in the %tate of 
transformation or transfer. Work done bv/raising a body stores mechanical potential energy In 
the body due to the force of gravity. «6rk done to set a body in motion stores kinetic 
energy. Work done in compression a gas stbres internal energy in the gas. Electrical work 
can be transformed into meghanica'l work by means of electric motor. After that it may undergo 
other changes the same as mechanical work. Heat, like work, is energy in the state of 
transfer from one body to another due to a difference in temperatureof the bodies. 

b. ^nits of energy. There are^ two basic independent units energy: 

J\\e foot-pound (ft-lb) is the amount of ^energy as shown by work and is 
^uivalenC to the action of a force of 1 lb through a distance of 1 f'i. 

The^ritish thermal unit (Btu) is the' energy required to ralfffe the 
temperature of 1 lb or pure water by lO F at standard atmospheric' 
pressure of 14.70. psia. ^ . 

The conversion factor from ft-lb to Btu untts, often called the jnechanicai dduivale-nt 
of heat, is 1 Btu = 778 ft-lb (1055 J.) . \ ' 

jf There are tv*) other .energy units used in engineering calculations derived f/om»,the * 

basic unit^of ft-1^; , ^l^*}'- ' ^ ■ ' . / 

. .The hore^*i4r-hour (hp-hr) which Hs the transfer of e^ier^n the rate of 
33,000 ft-rb per min during 1 hr, or a total of f,980,000 f1>lb, or, using 
the factor 778, 1 hp-hr = 1,980,000 - 778 = 2,544 Btuf (2684 ^) . 

-1 

* . The kilowatt-hour (kw-hr) which is the transfer of energy at the rate of 

1, '000 watts (W) per hour or 1.341 hp per hour which is equivalvent to 
44,253 ft-lb per mlp during 1 hr or a total of 2,66,180 ft-lb or also 1 
kw-hr = 2,655,180 - 778 = 3,412 Btu. ^ 

The prinicple of conservation of 'energy states that energy may"\xist in many varied- 
and interchangeable^ forms but may' not be quantitatively destroyed or created/ Thus, 
mechanical energy may be transformed into hea-t, or vice versa, but only in a definite relatipn 
as given before: 1 Btu = 778 ft-lb. , ' - 
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APPENDIX IV 

■ I ' ■ 

• TEhPERATURE 

a. G eneral . the temperature of a ^ody is a characteristic which can be detfermined only 
by comparison with another body. When two bodies are placed' in close contact, the one which 
is hotter will begine to pass heat to the other apd is said^to have a. higher temperature. 

The' scales of tenperature are-set afrbitrarily. At present, there ir# tv/o tein)erature 
scalers used on this country, the Fahrenheit scale and the centigrade or Celsius scale. On the 
Fahrenheit scale the two reference' points 'are the freezing point of water, designated as 32^ 
F, and the l)oiling point of water under normal barometric pressure, designated as 212^ F. 
• The distance on the scale between these two points is divided- into 180 eqtfSl parts called 
degrees. On the centigrade- or Celsius scaled the freezing point of water is designated as 
0" C, and the boiling point of water under /normal barometric pressure is designated as 
100" C. TJre distance on this scale is divided into 100 equal parts called degrees. Both of 
these tem|)erature scales ar? continued in both directions, above -the boiling point and below ' 
the freezig point. Tetnperatures below 0^ on both scales are designated by a minus (-) sign. 

In tKeorelical calculations pertaining to gases, another scale called' the absolute or 
Rankine scalff is used. In this scale unit, the degree is the same as the Fahrenheit scale, 
but the absolute zero is placed at -4600 F. Thus, the relation between the absolute 
temperature, designated T, and the corresponding Fahrenheit tenperature, designated t, is 



t . 



Degree Rankine = degree Fahrenheit + 460 
/ (English) T = t + 460 

f (Ketric) T- = (C + 273.15)( 1.S^ 



In -technical calculations pertaining to Tgases; 60^ F is called normal or standard 
temperature. - . ' 

As stated before^ heat isva form of .energy in a state of change; it is expressed in 
British thermal units (Btu).. Quantitatively, a flow of heat is determined by the change of 
temperature of a bpdy. H^at is conveyed if the temperature of the body rises and taken away 
if the temperature goes down. A quantitative measurement of heat is possible only by 
comparison with the behavior of some other body selected as a standard. Since the heat unit 
(Btu) is determined with the aid oy water, water is used as a standard for determination of 
the behavior of all other subsH;^any4s ,in respect to a change of. heat. 

b. Specif ic heat . The specif ic heat of a substance is the ratio of heat flow required to 
«^aise by 1^ the temperature of. a certain weight of tjie substance to the heat flow required 
to raise by P the temperature 6f an equal weight of water. Due to the definition of 1 Btu, 
the specific heat of water, is 1.0 (becuase water is used as the standard) or 1 Btu/lb~deg F, 
and numerically the specific heat of a substance ts equal to the heat flow, in Btu, required 
to raise by r the temperature of 1 lb of the substance. Denoting the specific heat by c, 
tlie heat flow ^ required to raise the temperature of W lb of a substance from t] to^ t2 
degree Vis: 

^ . * / . 

J Heat = Weight (of body) x specif heat x temprferature' difference or^ . 

Q = W^fV-tl) 

In general, ^rcific heat varies with the tenperature, and for gases, specific heat' 
also depends upon conditions of pressure and volume. F/Or many calculations, a meand value of 
specific Aeat can be used, 

* 

c* Heat transfer . Generally speaking, heat is transferred by three methods: conduction, 
rad^ation^ and convection. Conduction isenergy transfer by actual contact form one part of a 
body having a higher temperature to anthf^ part of it or to a second body having a lower 
tenperature. Radiation is energy transfer through ^pace froil^a hotter body to a colder body. 
Convection is not a form of energy transfer. Convection is a process in v/hich^a body and the 
energy in it are moved from one position to another without a change of state. An exanple of 
convection is the movement of heated air from one part of a room to another. A basic 
principle of heat flow Is that heat can f loW from one body to a second only if the temperatureV'^' 
of ty first body, is higher than the temperature of the second body. 



ERIC 



407 ; 

AIV-l 



•4 



APPENDIX V 
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PRESSURE ANO VOLUME 



V 



Pressure was coyared earlii^r in this cour^se. AddUionally, it should be mentioned 
that the pressure of a gas oftep expressed by the hefght of the coUm of a liquid which will 
balance the gas pressure in the space under consideration. Tfie liquid used is either water or 
mercury. The relation between thcc. various units can be established noting that one cubic foot 
" of fresh wate^-at room temperature v^eighs 62.4 pounds. Since ofie cubic foot contains 1,728 
Cubic inches, the weight of one cubic inch of water is 62,4 - ^,^2^ ^ 0,0361 lb. Therefore, a 
column of water 1 in. high acting upon 1 sq/ In. will produce a pressure of 1 psi, the column 
mirst be higher In tlie proportion of } - 0.0361 ='2?.70 In. Mercury is 13.6 times as heavy as ■ 
water, and therefore a jcolumn of iwercury mu^ST^e shorter in this proportion of 1 psi = 27.70 - 
13,6 = 2.036 in mercufy, and conversely 1 In mercury 1 - 2.036 = Q^•S^^)1 psi. 



ln;stru«nents measure the pressure of gases in respect to the pressure of atmosphqric 
air.^'also called barometric pressure. Pressures measured are called gage pressures and 
indicate pounds per square inch gage (psig) and pounds per square foot, gage (psfg). Th dctual 
pressure exerted on the gais can be obtained by adding the barometric pressure to the gage 
pressuj»ej/ This pressur'fe Is called absolute pressure and is indicated as pounds per square 
foot absolute. If absolute pressure is designated P^y gage pressure Pq, and barometric, 
pressure b, then the relation can be written as 



Th(? barometric pressure b is not constant, since itrchanges with the altitude and 
weather conditions. No^fiial or.standar^d barometric pre^ssure at sea level is taken as 29.92 In 
or mercury or 29.92 - 2.036 = 14.70 psia (101325 Pascals (Pa)). 

c ■ " 

Volume is the space occupied by a body, a solid, liquid, or ^as. If-the body is a 
"vapor or gas, ^ its volume must be confined from all sides. In engines, tlie volume of gas is 
usually confined by a cyli n^er^having one end closed by a stationary cylinder head and the 
other end closed by a movable*- head called a piston. The piston has provisions for a gas tight 
seaTT^ When the piston changes its position, the volume bf the gas changes. When the ptston 
approaches the cylinder head, the volume is beig decreased and the gas is compressed. When 
the piston moves away from the 'cylinder -head, the volume increases and the gas expands. 

* ** ' ' ^ 

TeflTperature has a definite effect upon the pressures and vojume of gaSes. 
certain volume of a gas in a tiglit container Is heated, -the pressure will rise. Unle^^'Jche 
heating stops, the container may burst. If the same volume of gas is cooled or bas i't^ 
teniperature lowered, the pressure inside the container will be lowered. You may be able to 
remember what effect temperature has on a gas ty thinking of gas as being ex<jited when it 1^ 
heated and calmed down when cooled. When gas is excited, it puslios out against the walls ^of 
the Container holding it. It, therefore, exerts more, pressure on the container. When gas is 
calm, it will exert less pressure against the walls of its container. 

By way of summary, you shoud remember that, in dealing with qase\, the three^' ^ 
measurable quantities (pressure, volume, and temperature) are calfed gas properties or 
characteristics. The three characteristics are connected by sinple relation, which for any v 
gas can be written as pV = WRT where p is the absolute pressure in pounds p6r square fo5t 
absolute, V is the volume in cubic feef, W is the weight of th;0^as in pounds, T is the 
absolute temperature in degrees Rankine, and R is a constant^'^lled the gas constant. The 
niinerical value of R is knowq for all gaSes. It Is expressed In f,t-lb per l,b per degree 
Rankine. The equation above shows that if the three characteristics for a certain amount of 
gas are known, the Weight can be found, or if the weight Anqwn, any one of the three 
characteristics can be found If the other two are measured. \ 



abs . pressure = gagp pressure + barometric aressure or p^ 



Pg + b. . 
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